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CHAPTER 1
REVIEW OF THE LITERATURE - NORMAL SMALL INTESTINE
Introduction:
The appearance and relationships of the many different 
types of cell seen in the intestinal wall, particularly those 
in mucosa, are controlled by an interplay of many factors. 
Knowledge of these is important in considering the functional 
significance of mucosal structure (Padykula, 1962).
An important factor in the differentiation of mucosa is 
the presence of a physiological microbial flora* The import­
ance of this was only realised after a comparison of the 
intestinal morphology in conventional and germ-free animals 
had been made* The gastro-intestinal tract of germ-free 
rats has a relatively low weight (Gordon and Wöstmann, I960), 
and the surface area of the mucosa is decreased about 30% 
(Gordon and Bruckner-Kardoss, 1961), mainly in the ileum.
The stroma of the mucous membrane of germ-free mice in com­
parison to that of normal conventional animals is reduced in 
volume and contains only a few lymphocytes and mononuclear 
cells; similarly lymphoid tissue in the intestinal wall is 
reduced (Abrams, Bauer and Sprinz, 1963). The migration 
time of the epithelium as measured by tritiated thymidine 
increased and the villi are slightly shortened. The degree 
of incorporation of the label into the cells of the lamina
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p r o p r i a  mucosae i s  lower than in conven t iona l  an imals .  Sim­
i l a r  appearance  has the mucosa in  ge rm- f ree  guinea  p ig s  
( S p r i n z ,  1962) .  The normal p a t t e r n  i s  a cqu i red  a f t e r  the 
c o n ta m in a t io n  w i t h  E s c h e r i c h i a  c o l i  (S p r i n z ,  Kundel , Dammin, 
Horowi tz ,  S c hne ide r  and Formal ,  1961).
A f a c t o r  im por tan t  i n  de te rmin ing  the s t r u c t u r e  of the  
absorb ing  s u r f a c e  and the  fu n c t i o n a l  c a p a b i l i t y  of the 
e p i t h e l i u m  i s  the  r a t i o  between the  e p i t h e l i a l  c e l l  p r o l i f ­
e r a t i o n  and l o s s . Exper iments  wi th  l a b e l l e d  p r e c u r s o r s  of 
DNA have e s t a b l i s h e d  t h a t  t h e re  i s  co n s t a n t  renewal ,  as in  
o t h e r  e p i t h e l i a  (Leblond and Walker ,  1956).  The only 
r e g e n e r a t i v e  zone in  the  normal adu l t  animal i s  the c ryp t  
e p i t h e l i u m  (Leblond and Mess i e r ,  1958; Leblond and S t evens ,  
1948; Leblond,  S t e v e n s  and Bogoroch,  1948).  A f t e r  a l i f e  
c y c l e  of  2-3 days ,  the  e n t e r o c y t e s  a r e  ex t ruded  from the t i p  
of  the v i l l i .  The normal r a t e  of  tu rnove r  may be an i n h e r ­
ent  c h a r a c t e r i s t i c  o f  the e p i t h e l i u m  r a t h e r  than a r e s i i l t  of 
con t inued  c e l l  l o s s  (Hooper,  1956).  I t  i s  of  i n t e r e s t  in  t h i s  
connec t ion  t h a t  t he  e s t im a te d  d u r a t i o n  of DNA s y n t h e s i s  in  
some e p i t h e l i a  of  the  g a s t r o i n t e s t i n a l  t r a c t  i s  co n s t a n t  and 
s i m i l a r  to t h a t  in  o t h e r  mammalian c e l l s ,  d e s p i t e  d i f f e r e n t  
d u r a t i o n s  of the c e l l  c y c l e  (Cameron and G r e u l i c h ,  1963).
There i s  no evidence  a v a i l a b l e  for  mammals to sugges t  a t  what 
s t age  of  f o e t a l  l i f e  the p a t t e r n  of renewal deve lops ;  in  the 
mouse (17 days a f t e r  g e s t a t i o n )  the  only m i t o t i c  a c t i v i t y
3observed was seen in the area of the future crypts. Extrus­
ion zones gradually developed after birth (O'Connor, 1966). 
According to findings in developing chicken duodenal mucosa, 
the mature pattern of mitotic activity is reached before late 
foetal development (Overton and Shoup, 1964). In adult life, 
the rate of cell renewal is likely to be influenced by many 
natural and experimental factors, some of which are age 
(Lesher, Fry and Kohn, 1961); hormones (Leblond and 
Carriere, 1955); starvation (Hooper and Blair, 1958; Brown, 
Levine and Lipkin, 1963); microbial flora (Abrams, Bauer 
and Sprinz, 1963); radiation (Sherman and Quastler, 1950); 
partial resection (Loran and Althausen, 1960; Loran and 
Crocker, 1963); vagotomy (Silen, Peloso and Jaffe, 1966) 
and irnmunosympathectomy (Dupont, Biggers and Sprinz, 1965). 
Some of these observations, like the effect of radiation 
where the target affected is the crypt epithelium, indicate 
that cell proliferation and loss are to some extent independ­
ent; migration of the epithelium along the villus proceeding 
independently of crypt cell damage. The changed migration 
period of the epithelium may be associated with change in the 
length of the villi and reflect the ratio of epithelial cell 
renewal to cell loss. Whether all conditions associated with 
the atrophy of the villi (review of Collins, 1965) change 
the migration time remains to be determined. Some authors
studying the proliferation of the intestinal epithelium 
(Quastler and Sherman, 1959; Cairnie, Lamerton and Steel,
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1965a, 1965b) have pointed out that there is a critical dec­
ision phase of differentiation. Their theoretical model 
seems to be of considerable importance, it appears useful 
therefore to discuss the findings which led to its construct­
ion. According to the results of Cairnie, Lamerton and Steel 
(1965a) the cell cycle throughout the crypt remains the same, 
and lasts about IO hours. At the bottom it is slightly 
longer. Mitoses in the crypt are asynchronous and do not 
appear in the uppermost segment. At the level of the crypt 
where half of the total number of the mitoses is reached, 
about 60% of the cells are labelled with tritiated thymidine. 
Most of the mitoses in the lower portion of the crypt produce 
two proliferative cells, the reverse being true in the upper 
portion. These authors developed the "slow cut-off" model 
and using this, it was found that the critical "decision 
phase" to produce non-pro1iferative cells takes place with 
increasing probability at the 10th-18th cell position above 
the bottom of the crypt. The factors operating in the crit­
ical "decision phase" may be either an environmental change 
or some endogenous mechanism. Increased cell production can 
be explained by a shift of this critical region upwards in 
the crypt; it is not necessary to postulate a shortening 
of the cell cycle.
The functional maturation of absorbing epithelium on the 
villus can be demonstrated using visible substances which
5a re  normal ly  abso rbed .  The g r e a t e s t  accumula t ion  i s  seen in  
c e l l s  near  to the t i p  of  the  v i l l u s ;  the r a t e  d e c rea sed  
downwards to the ba se ,  Th i s  wel l -known phenomenon of  g r a d i e n t  
was observed d u r in g  f a t  a b s o r p t i o n  in  animals  by Pa lay  and 
K a r l i n ,  (1959b);  Ashworth and Johns ton  (1963);  P a l a y  and 
Revel  (1964);  in  v i t r o  by S t r a u s s  (1963);  in  humans, by 
Ladman, Padykula  and S t r a u s s ,  (1963);  and du r ing  in  v i t r o  
a b s o r p t i o n  of  l a b e l l e d  sugars  and aminoacids by K i n t e r  and 
Wi1 son (1965) •
For the purpose  of t h i s  review,  the b i b l i o g r a p h y  d e a l i n g  
w i th  the f i n e  s t r u c t u r e  of  the gut w i l l  be cons ide red  a c c o rd ­
ing  to the a r c h i t e c t u r e  of  the gut w a l l .  Even a c a sua l  exam­
i n a t i o n  of the b i b l i o g r a p h y  shows an unba lanced p r o p o r t i o n  of 
p a pe r s  d e a l i n g  w i th  the f i n e  s t r u c t u r e  of  e n t e r o c y t e s .  Many 
o t h e r  t i s s u e  components have not  been a d e qua t e ly  examined.  
Moreover ,  some o l d e r  r e p o r t s  a re  sho r t  and based on o u t d a t e d  
t e c h n i q u e s .  So f a r ,  on ly  a l i m i t e d  number of s p e c i e s  have 
been examined, and a l t hough  the gene ra l  appearance  of most 
s t r u c t u r e s  appea rs  to be e s s e n t i a l l y  the same, t h e r e  a re  no 
d e t a i l e d  or sy s t e m a t i c  comparisons  a v a i l a b l e  which could 
permi t  conc lus ions  to be drawn about s p e c i e s  d i f f e r e n c e .
Reviews of  the f i ne  s t r u c t u r e  of  the gut have appeared 
s eve ra l  t imes b e f o r e  ( L a s t e r  & I n g e l f i n g e r ,  1961; T r i e r ,  
P h e lp s  and Rubin,  1963; T r i e r  and Rubin,  1965).  However,  
t hese  were in t e n d e d  m o s t ly  for  c l i n i c a l  pu rposes .
6Ent erocytes:
The earliest electron microscope studies of the intestine 
dealt with the structure of the enterocyte particularly with 
the brush border (Granger and Baker, 1949, 1950; Dalton, 
Kahler, Striebich and Lloyd, 1950; Dalton, 1951; Dalton, 
Kahler and Lloyd, 1951; Dalton, 1953), These observations 
settled a much disputed question in light microscopy, namely 
the nature of the striated border. This was shown to consist 
of densely arranged cytoplasmic projections. The first det­
ailed descriptions of enterocytes were made by Zetterqvist 
(1956) and Palay and Karlin (1959a, b). These studies estab­
lished points of reference for further observations, most of 
which have aimed at clarifying the structures associated with 
ab sorp tion.
The plasma membrane along the lateral and basal surface
of an enterocyte differs in appearance from that covering the
microvilli. Along the lateral surface, the thickness of the
omembrane was estimated by Zetterqvist (1956) to be 70A;
o oPalay and Karlin (1959a) found it to be 32A, 42A or twice 
this thickness where the membrane was triple-1ayered. The
i t
studies of Sjostrand (1963a), Millington (1964) and Farquhar
and Palade (1963) have clearly shown that it is asymetrical,
oThe cytoplasmic opaque layer is 30A wide, the peripheral
o o
opaque layer, 25A and the intermediate less dense layer, 25A.
The plasma membranes on the lateral cell surface are highly
7f o l d e d  ( Z e t t e r q v i s t , 1 9 5 6 ;  P a l a y  and K a r l i n ,  1 9 5 9 a ;  T r i e r ,
11
1 9 6 2 ;  S j o s t r a n d ,  1 9 6 3 a ,  b;  S t r a u s s ,  1 9 6 3 ) .  T h e  i n t e r c e l  1 -  
u l a r  s p a c e  s h o w e d  c o n s i d e r a b l e  v a r i a t i o n  i n  w i d t h .  I n  r e g ­
i o n s  o f  c l o s e  c o n t a c t ,  t h e  p l a s m a  m e m b r a n e s  o f  t h e  n e i g h -
o o
b o u r i n g  c e l l s  w e r e  s e p a r a t e d  b y  a g a p  o f  95A -  1 20A
( Z e t t e r q v i s t , 1 9 5 6 ;  A s h w o r t h ,  C h e a r s  J r . ,  S a n d e r s  a n d  P e a r c e ,
11
1 9 6 1 ;  P a l a y  and K a r l i n ,  1 9 5 9 a ) .  S j o s t r a n d  ( 1 9 6 3 a )  s t a t e d
t h a t  t h e  mi n i mu m v a l u e  i n  t h e  s t a r v i n g  a n i m a l  w a s  c o n s i d e r a b l y
o
h i g h e r ;  2OO-3O0A.  I n  p l a c e s ,  e s p e c i a l l y  n e a r  t h e  c e l l  b a s e ,  
t h e r e  i s  a c o n s i d e r a b l y  l a r g e r  i n t e r c e l l u l a r  s p a c e  w h i c h  
v a r i e s  i n  w i d t h  ( Z e t t e r q v i s t , 1 9 5 6 ;  P a l a y  and K a r l i n ,  1 9 5 9 a ;
I! M
S j o s t r a n d ,  1 9 6 3 a ,  b ;  S t r a u s s ,  1 9 6 3 ) .  S j o s t r a n d  ( 1 9 6 3 b )  
r e m a r k e d  t h a t  t h e  c e l l  s u r f a c e  r e m a i n s  f o l d e d ,  e v e n  w h e n  t h e  
i n t e r c e l l u l a r  s p a c e  i s  e n l a r g e d  d u r i n g  f a t  a b s o r p t i o n .  T h e  
b a s a l  c e l l  s u r f a c e  i s  u s u a l l y  q u i t e  f l a t .
I n t e r c e l l u l a r  s p a c e s  r e a c h  maximum s i z e  i n  t h e  a p i c a l  
a r e a  o f  a v i l l u s  ( H a r t m a n ,  S m i t h ,  H a r t m a n  a n d  B u t t e r w o r t h  J r . ,  
1 9 5 9 ) .
T h e  m o s t  i n v e s t i g a t e d  s t r u c t u r e  o f  t h e  e n t e r o c y t e  i s  t h e  
b r u s h  b o r d e r .
Th e  d i m e n s i o n s  o f  m i c r o v i l l i  e s t i m a t e d  b y  d i f f e r e n t  a u t h o r s  
a r e  g i v e n  i n  t h e  f o l l o w i n g  t a b l e .
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A u t h o r s  h e i g h t  w i d t h  n u m b e r  s u r f a c e  r e m a r k s
u  l o c a l -  i n c r e a s e
i z a t i o n
G r a n g e r  0 , 5 3  0 , 0 7 5  lOOO/
B a k e r  c e l l
( 1 9 4 9 )
G r a n g e r  
B a k e  r  
( 1 9 5 0 )
0 . 6 2 0 . 0 8 3 0 0 0 /
c e l l
r a t
D a l  t o n .  
K a h l e r ,
S t  r i e b i c h , 
L l o y d  
( 1 9 5 0 )
0 . 9
v i 1 l u s  
0 . 4 4  
c r y p  t
O.  14
3 0 x  f r e e  s u r f a c e  o f
c e l l  = 1 5u 2;  d i a ­
m e t e r  t e n d s  t o  
v a r y  i n v e r s e l y  
w i t h  1 e n g t h ; 
a c t u a l  n u m b e r  
l o w e r  ( c a l c u l a t ­
i o n  a s s u m e d  
i n f i n i t e l y  c l o s e  
p a c k i n g )
mou s e
W e i s s  2 , 0
( 195 5a)
mous  e
Z e 1 1  e r -  0 , 9 1
q v i  s t  
( 1956 )
0 . 3 3
0.1 .  2 47 p e r  u  14x
p e r  7 0 0
c e l l
35% o f  s u r f a c e  
c o v e r e d  b y  
mi c r o v i 1 1 i
mous  e
P a l a y ,  1 . 0
K a r l  i n  
( 1 9 5 9 a )
r a t
H a u b r i c h ,  0 . 8 5 -  
Wa t  s o n ,  1 . 6 0
O l D r i s c o 1 1 ,
V a l e n t i n e  
( 1959)
0 . 0 7
0 . 1
2
75 p e r  u  2 4 x  
112 5  p e r  
c e l l
49
2p e r  u
- o c c u p y  a p p r o x .
60% o f  s u r f a c e  
- t a l l e r  a n d  
t h i n n e r  a t  t h e  
a p e x  o f  a  v i l l u s
l e n g t h  o f  m i c r o ­
v i l l u s  i n d e p  e n d - 
e n t  o f  d i a m e t e r
man
A u t h o r s  h e i g h t  w i d t h  number s u r f a c e  
u l o c a l -  i n c r e a s e
i z a t i o n
H a r t m a n ,  0 . 8 -  
Bu 11 e r -  1 . 3
w o r t h ,  J r .  v i l l o u s  
H a r t m a n ,  c r e s t
Cro  s b y  ,
S h i r  a i '
( I 9 6 0 )
A s h w o r t h ,  1 . 3  
Che ar  s ,
S and e r s ,
P e a r c  e
( 1 9 6 1 )
0 . 1 2
0 . 0 8  1 800  
p e r  
c e l l
man
W i l l i a m s  1 . 3
( 1 9 6 1 )
r a t
S h i n e r ,  1 . 0 3 -
B i r b e c k  1 . 1 9
( 1 9 6 1 )
man
M i l l i n g t o n , 1 .O 
F i n e  an 
( 1 9 6 2 )
r a t
Got 1 1 i e b , 1*0
R o b e r t  s o n ,  
Z a mc he c k  
( 1 9 62 )
r a t
S h e a r m a n ,  0 . 7 5 -  
G i r d w o o d ,  1 . 0 0  
W i l l i a m s ,
D e l a mo  r e
( 1961 )
0 . 0 8  1 8 0 0  
p e r  







Authors height width number surface remarks
u local- increase
i zati on
Bergener duodenum 0.187 duodenum 26x
( 1962) 1.08 
j e junum
0.187
j e junum 38.1
hams ter 1.44
Brown vi1lous 0.08 10.7 ~ cross sectional
( 1962) cres t: zp er u area of micro­
1.36 1717 villi 5 7% o f
man p er area of free
cell surface of the 
cell
int er- 0. 10 4.7 per
vi11ous u 2
spac e 331
1 .Ol p er 
cel 1
crypt 0. 15 3.9 2
















a) rabbit 1.3 0.11
b) rat
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Some d e v i a t i o n s  of the o ld  measurements might be exp la ined  
by im p e r f e c t  t e c h n i q u e .  Brown (1962) showed, however,  t h a t  
d i f f e r e n c e s  in  the h e ig h t  of m i c r o v i l l i  occur red  at  v a r i o u s  
l e v e l s  of the v i l l u s  and sugges ted t h a t  t h i s  had been the 
cause  of the d i s p a r i t y  of  the r e s u l t s .  Another  f a c t o r  may be 
the  p o s i t i o n  of  the a r e a  examined,  s ince  we do not  know 
e x a c t l y  how the m i c r o v i l l u s  dimensions vary along the small  
g u t .  The g r e a t e r  l eng th  of  the  m i c r o v i l l i  i n  the r a b b i t  
s u g g es t s  t h a t  t h e r e  i s  a s p e c i e s  d i f f e r e n c e .
Few o b s e r v a t i o n s  have been made on the development of 
m i c r o v i l l i .  In  the  mouse, the  g r e a t e s t  i n c r e a s e  in  he igh t  
i s  observed b e fo r e  b i r t h .  A f t e r  b i r t h ,  the h e igh t  i n c r e a s e  
i s  s lower  and i s  a s s o c i a t e d  w i th  a r e d u c t i o n  of d i ame te r ;  
hence the volume of  a m i c r o v i l l u s  remains approx imate ly  the 
same (Over ton,  1965).
One of  the r e c o g n i s e d  f a c t o r s  i n f l u e n c i n g  the h e ig h t  of  
the  brush  b o r d e r  i s  the i n t e s t i n a l  f l o r a .  A comparison of the 
b r u s h  borde r  of  p i g s  ma in ta ined  under  l i m i t e d  i n t e s t i n a l  
b a c t e r i a l  co n t a m in a t io n s  shows about a t h r e e - f o l d  i n c r e a s e  in  
h e ig h t  in  comparison wi th  m u l t i c o n t a m in a t e d  animals 
(Kenworthy and A l l e n ,  1966).
The plasma membrane cover ing  the m i c r o v i l l i  appears  to be 
d i f f e r e n t  in  s t r u c t u r e  to t h a t  cover ing  the r e s t  of the c e l l .
i i
The e a r l y  o b s e r v a t i o n s  of  S j o s t r a n d  (1956) and Z e t t e r q v i s t  
(1956) had a l r e a d y  r e s o l v e d  the plasma membrane of the brush
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b o r d e r  r e g i o n  a s  t r i p 1 e - 1a y e r e d , m e a s u r i n g  e i t h e r  105A o r  
o n
1 20A ( S j o s t r a n d ,  a n d  Z e t t e r q v i s t ,  1 9 5 5 )  i n  t o t a l  t h i c k n e s s .
o
T h i s  i s  i n  c o n t r a s t  t o  t h e  w i d t h  o f  70A m e a s u r e d  a t  t h e  l a t -
o
e r a l  c e l l  s u r f a c e .  L a t e r  v a l u e s  a r e  70A ( S u g a n u m a ,  1 9 6 1 ) ,
o o
105A ( P a l a y  a n d  K a r l i n ,  1 9 5 9 a ) ,  1 lOA ( F a r q u h a r  and P a l a d e ,
o  , 1 1
1 9 6 3 )  , 1 1 5A ( M i l l i n g t o n  and  F i n e a n ,  1 9 6 2 ) .  S j o s t r a n d  ( 1 9 6 3 a )
f o u n d  t h e  m e m b r a n e  t o  b e  a s y m e t r i c ;  t h e  c y t o p l a s m i c  o p a q u e
o o
l a y e r  m e a s u r i n g  4 0 A ,  t h e  p e r i p h e r a l  o p a q u e  l a y e r  30A and t h e
o
m i d d l e  e l e c t r o n  t r a n s p a r e n t  l a y e r  25A i n  t h i c k n e s s .  T h e
s t a i n a b i l i t y  and d e f i n i t i o n  o f  t h e  p e r i p h e r a l  o p a q u e  l a y e r
d e c r e a s e d  w i t h  a b s o r p t i o n .  E a r l i e r  l o w e r  r e s o l u t i o n  s t u d i e s
d i d  n o t  r e s o l v e  t h r e e  l a y e r s  u n d e r  s u c h  c i r c u m s t a n c e s ,
11
( S j o s t r a n d  & Z e 1 1 e r q v i s t ,  1 9 5 7 ) .  D e v i a t i o n s  o f  m e a s u r e m e n t s
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w e r e  i n  S j o s t r a n d * s  o p i n i o n  ( 1 9 6 3 a )  d u e  m a i n l y  t o  d i f f e r e n c e s
i n  r e s o l u t i o n  and  s e c t i o n  t h i c k n e s s .  M i l l i n g t o n ’ s ( 1 9 6 4 )
m e a s u r e m e n t s  i n  t h e  m o u s e  w e r e  i n  c l o s e  a g r e e m e n t  w i t h  t h o s e  
11 o
o f  S j o s t r a n d ,  i . e .  9 4 A .  I n  r a t ,  h o w e v e r ,  t h e  m e m b r a n e  w a s  
o
IOIA i n  me a n  t h i c k n e s s ,  b o t h  o p a q u e  c o m p o n e n t s  b e i n g  o f  
a p p r o x i m a t e l y  t h e  same d e n s i t y  o r  s o m e t i m e s  w i t h  t h e  p e r i p h e r a l  
l a y e r  o f  g r e a t e r  d e n s i t y .  To e x p l a i n  t h i s ,  M i l l i n g t o n  p o i n t e d  
o u t  t h a t  t h e  d i f f e r e n c e  h e  o b s e r v e d  b e t w e e n  m o u s e  and r a t  
u n d e r  o t h e r w i s e  i d e n t i c a l  c o n d i t i o n s  m i g h t  b e  e x p l a i n e d  i n  
t e r m s  o f  s t a i n a b i l i t y ,  s u g g e s t i n g  a s p e c i e s  d i f f e r e n c e .  T h e s e  
o b s e r v a t i o n s  i n d i c a t e  t h a t  t h e  " u n i t  m e m b r a n e "  c o n c e p t ,  a s  
e x p r e s s e d  b y  R o b e r t s o n  i n  n u m e r o u s  r e p o r t s  ( s e e  R o b e r t s o n ,
1 9 6 4 )  i s  n o t  e n t i r e l y  v a l i d .  T h e  p l a s m a  m e m b r a n e  b e t w e e n
1 3 .
i n d i v i d u a l  m i c r o v i l l i  shows o c c a s i o n a l  i n v a g i n a t i o n s  
(Pa lay  and K a r l i n ,  1959a; S t r a u s s ,  1963; Ladman,
Padyku1 a and S t r a u s s ,  1963; Ashworth and Johns ton ,  1963; 
C l a r k ,  1959; M i l l i n g t o n  and F inean ,  1962) to form narrow
t u b u l e s .  In some ca ses  these  appear  to form v e s i c l e s
o  °
550 - 600A (Palay and K a r l i n ,  1959a) or up to 700A in  diam­
e t e r  (Ashworth and Johns ton ,  1963).  These f i n d i n g s  could 
i n d i c a t e  p i n o c y t o t i c  a c t i v i t y .  However, the i n t e r p r e t a t i o n  
of v e s i c u l a r  s t r u c t u r e s  in an a p i ca l  p o r t i o n  of the e n t e r -  
o c y t e  i s  a m a t t e r  of c o n s i d e r a b l e  c o n t r o v e r s y ,  e s p e c i a l l y  
in  connec t ion  wi th  l i p i d  a b s o r p t i o n .  This  problem w i l l  be 
examined l a t e r .
M i l l i n g t o n  and F inean  (1962) d e s c r i b e d  in  the r a t  i n t e s t ­
ine  p o r e - l i k e  i n t e r r u p t i o n s  in  normal plasma membranes cov­
e r i n g  the brush b o r d e r .  S i m i l a r  i n t e r r u p t i o n s  were observed 
by Mukherjee and Wil l iams  (1966) in  the mouse. I t  appears  
l i k e l y  t h a t  these  a re  a r t i f i c i a l  as i s  the appearance of the 
brush  b o rde r  plasma membrane a f t e r  saponin t r ea tment  (Muir,  
1 9 6 2 ) .
By means of h i s to c h e m ic a l  methods u s ing  the e l e c t r o n  
microscope s e v e ra l  phospha ta se s  have been demons t ra ted  in  
a s s o c i a t i o n  wi th  the plasma membrane of the brush b o r d e r .
The p r e c i s e  r e l a t i o n  o f  t h i s  a c t i v i t y  to the membrane remains 
to be de te rmined ,  s i nce  the c o n c e n t r a t i o n  and d i f f u s i o n  of  
the r e a c t i o n  produc t  makes i n t e r p r e t a t i o n  d i f f i c u l t .  This
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was the case with alkaline phosphatase (Brandes, Zetterqvist 
and Sheldon, 1956; Clark, 1961a, 1961b; Chase, 1963;
Reale, 1962; Goldfischer, Essner and Novikoff, 1964;
Hugon and Borgers, 1966c; I to, 1965a)* Overton (1965) 
reported that the reaction product was associated with the 
inner layer of the plasma membrane* Other phosphatases 
demonstrated in the plasma membrane were adenosine 
triphosphatase (Ashworth, Luibel and Stewart, 1963a, 1963b; 
Goldfischer, Essner and Novikoff, 1964) and in lesser amounts 
nucleoside diphosphatases and thiamine pyrophosphatase 
(GoIdfischer, Essner and Novikoff, 1964). The localisation 
of acid phosphatase (Sheldon, Zetterqvist and Brandes, 1955; 
Ogawa, Masutani and Shinonaga, 1962) is now regarded as 
artificial. Using improved techniques, Goldfischer, Essner 
and Novikoff (1964), Barka (1954) and I to ( 1965a) were not 
able to demonstrate a positive reaction.
Hampton and Rosario (1966) described an accumulation of 
granular material in cytoplasm close to the thickened inner 
component of the plasma membrane of some enterocytes in 
normal mice. The cause is unknown.
The outer surface of the plasma membrane covering the 
brush border is coated with a finely filamentous material, 
named fuzzy layer, which is seen with different grades of 
clarity in different animal species (Ito, 1964, 1965a), and
in man, (Laguens and Briones, 1965). The filaments are con­
tinuous with the outer component of the plasma membrane and
15
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may b e  s e v e r a l  t h o u s a n d  A l o n g .  A c i d  m u c o p o l y s a c c h a r i d e s
w e r e  d e m o n s t r a t e d  i n  t h i s  l a y e r  b y  R e v e l  ( 1 9 6 4 )  and I t o
( 1 9 6 5 a ) .  T h i s  c o a t i n g  i n c o r p o r a t e s  t r i t i a t e d  a c e t a t e ,
35
g l u c o s e  and Na S  i n  v i t r o  w i t h i n  15 m i n .  ( I t o ,  1 9 6 5 b ) .
Th e  f i l a m e n t o u s  m a t e r i a l  s e e m s  t o  b e  r e s i s t a n t  t o  t h e  a c t i o n  
o f  m u c o l y t i c  s u b s t a n c e s  a n d  i s  d i s r u p t e d  o n l y  w h e n  t h e  c e l l  
i s  d e g e n e r a t e d  and e x t r u d e d .  P e a s e  ( 1 9 6 6 a )  r e c e n t l y  d e v e l ­
o p e d  a m e t h o d  o f  i n e r t  d e h y d r a t i o n  and a n h y d r o u s  s e c t i o n i n g  
and s t a i n i n g  ( 1 9 6 6 b )  w h i c h ,  w h e n  a p p l i e d  t o  i n t e s t i n e  ( 1 9 6 6 c )  
s h o w e d  t h a t  t h i s  s u r f a c e  p o l y s a c c h a r i d e  l a y e r  i s  s t a i n e d  w i t h  
p h o s p h o t u n g s t i c  a c i d .  I n  o n e  e l e c t r o n  m i c r o g r a p h  o f  an  
e n t e r o c y t e ,  e x a m i n e d  i n  a n  u n f i x e d  f r e e z e - f r a c t u r e d  s p e c i ­
men  ( B u l l i v a n t  and A m e s ,  1 9 6 6 ,  F i g .  8)  s h o r t  f i l a m e n t s  o n  
t h e  s u r f a c e  o f  t h e  b r u s h  b o r d e r  a r e  s e e n .  H o w e v e r ,  no  m e n ­
t i o n  o f  t h i s  i s  made  i n  t h e  t e x t .  T h e  a p p e a r a n c e  s u g g e s t s ,  
h o w e v e r ,  t h a t  t h e s e  f i l a m e n t s  c o r r e s p o n d  t o  t h e  f u z z y  l a y e r  
s e e n  i n  c o n v e n t i o n a l  s p e c i m e n s .  I t  i s  g e n e r a l l y  a c c e p t e d  
t h a t  t h i s  l a y e r  r e p r e s e n t s  l o c a l i s a t i o n  o f  a p o l y s a c c h a r i d e  
o f  w i d e s p r e a d  o c c u r r e n c e  ( R a m b o u r g ,  N e u t r a  a n d  L e b l o n d ,
1 9 6 6 )  t e r m e d  g l y c o c a l y x  b y  B e n n e t t  ( 1 9 6 3 ) .  Th e  f u n c t i o n  o f  
t h e  f u r r y  l a y e r  i s  u n k n o w n .  T h e  l o c a t i o n  o f  e n z y m e  a c t i v ­
i t i e s  d e m o n s t r a t e d  i n  a s s o c i a t i o n  w i t h  t h e  p l a s m a  m e m b r a n e  
d o e s  n o t  a l l o w  a n y  c o n c l u s i o n s  t o  b e  d r a w n  a s  t o  w h e t h e r  t h e  
r e a c t i o n  p r o d u c t  s e e n  e x t e r n a l l y  t o  t h e  p l a s m a  m e m b r a n e
r e p r e s e n t s  t h e  t r u e  p r e s e n c e  o f  e n z y m e  i n  t h e  f u z z y  l a y e r  o r
1 6 .
a d i f f u s i o n  a r t e f a c t .  H o w e v e r ,  t h e  o u t e r  p o r t i o n  o f  t h e  
l a y e r  a p p e a r s  t o  b e  i n a c t i v e .  T h e  r e s i s t a n c e  o f  t h e  f u r r y  
l a y e r  and i t s  a p p a r e n t  s i m i l a r i t y  i n  i n d i v i d u a l  s p e c i e s  s e e m s  
t o  i n d i c a t e  t h a t  t h e  l a y e r  s h o u l d  b e  r e g a r d e d  a s  a p a r t  o f  
t h e  e x t e r n a l  c o m p o n e n t  o f  t h e  p l a s m a  m e m b r a n e  ( I t o , 1 9 6 5 a ) ,
P e a s e  ( 1 9 6 6 c )  s h o w e d  t h a t  p o l y s a c c h a r i d e  i s  p r e s e n t  i n  t h e  
t u b u l a r  i n v a g i n a t i o n s  o f  t h e  p l a s m a  m e m b r a n e .  T h e s e  w e r e  
i n t e r p r e t e d  b y  h i m  a s  i n t r a c e l l u l a r  g l a n d s .  He s t r e s s e d  t h e  
g e n e r a l  i m p o r t a n c e  o f  t h i s  l a y e r  i n  m a i n t a i n i n g  h y d r a t i o n  o f  
t h e  c e l l  s u r f a c e .
An a d d i t i o n a l  s p e c i a l i s a t i o n  o f  p l a s m a  m e m b r a n e s  i s  t h e  
j u n c t i o n a l  c o m p l e x . T h i s  s t r u c t u r e  w a s  r e f e r r e d  to i n  o l d e r  
d e s c r i p t i o n s  u s i n g  t h e  l i g h t  m i c r o s c o p i c a l  t e r m  " t e r m i n a l  
b a r " .  T h e  f i r s t  o b s e r v a t i o n  o f  t wo  d i f f e r e n t  k i n d s  o f  
a t t a c h m e n t  z o n e s  i n  t h e  e l e c t r o n  m i c r o s c o p e  w a s  made  b y  
Z e t t e r q v i s t  ( 1 9 5 6 ) .  Th e  e x i s t e n c e  o f  t h r e e  c o m p o n e n t s  f o r m ­
i n g  t h e  j u n c t i o n a l  c o m p l e x  w a s  f i r s t  d e s c r i b e d  i n  e p i t h e l i a  
b y  F a r q u h a r  and  P a l a d e  ( 1 9 6 3 ) .  T h e s e  w e r e  named z o n u l a  
o c c l u d e n s  ( t i g h t  j u n c t i o n ) ,  z o n u l a  a d h a e r e n s  ( i n t e r m e d i a t e  
j u n c t i o n )  a n d  m a c u l a  a d h a e r e n s  ( d e s m o s o m e ) .  Th e  d e s m o s o m e s  
o c c u r  a s  i s o l a t e d  u n i t s  a l o n g  t h e  l a t e r a l  m a r g i n s  o f  t h e  c e l l .  
I t  i s  o f  i n t e r e s t  t h a t  e a r l i e r  r e p o r t s  d e s c r i b e  o n l y  two  
c o m p o n e n t s .  Z a m b o n i 1 s ( 1 9 6 1 )  d e s c r i p t i o n  w h i c h  a p p e a r e d  i n  
a b s t r a c t  o n l y  w a s  u n n o t i c e d  b y  F a r q u h a r  a n d  P a l a d e ,  b u t  
o b v i o u s l y  c o r r e s p o n d e d  t o  z o n u l a  a d h a e r e n s ,  and d e s m o s o m e s
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(the former being treated as a separate kind of the latter).
»ISjostrand (1963a) described the components which correspond
to tight junctions and intermediate junctions in the terrain-
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ology of Farquhar and Palade; in another paper (Sjostrand, 
1963b) he states explicitly that no elaborate structures of 
desmosomes are seen in these attachment zones. The extra­
cellular polysaccharide layer covering the plasma membrane 
denonstrated by the method of inert dehydration was observed 
in the region of zonula adhaerens but it was excluded in 
zonula occludens (Pease, 1966c). Few observations are avail­
able to demonstrate functional differences of the components 
of a junctional complex. Overton and Shoup (1964) using 
chicken intestinal mucosa, observed in early stages of dev­
elopment complete dissociation after tryptic digestion. At 
later stages, the dissociabi1ity was incomplete and while 
desmosomes were disjointed, tight junctions remained. The 
result of calcium and magnesium depletion in the intestine 
caused by chelation (Cassidy and Tidball, 1967) is essentially 
the same as reported in the parietal cells in frog stomach 
(Sedar and Forte, 1964); there is a loss of dense inter­
cellular material in the desmosomes and zonula adhaerens 
with their dissociation. Functional measurements indicate 
increased permeability (Cassidy and Tidball, 1967) and 
increased electrical conductance (Sedar and Forte, 1964).
In both cases, the changes are reversible.
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Further structures forming part of the surface specialis­
ation of the enterocyte are filaments seen in the core of 
the mic rovi11i. These filamentous structures were observed 
in earlier studies (Zetterqvist, 1956; Palay and Karlin,
1959a; Haubrich, Watson, O'Driscoll and Valentine, 1959)* 
However, they were not resolved with clarity. Millington 
and Finean (1962) observed that in the core, the filaments 
which were concentrated in the centre formed lateral connect­
ions with the plasma membrane. Their experiments with 
hypotonic and hypertonic saline showed that the core of the 
villus reacted in a different fashion from the region
i t
beneath the plasma membrane. Sjostrand (1963a) presumed
that filamentous structures formed a feltwork rather than
individual defined filaments. These filaments are more
clearly seen after aldehyde prefixation, followed by osmium
tetroxide. In an intestine fixed by this method, distinct
o
filaments about 60A in width were observed along the length
of the microvillus extending to the apical cytoplasm (McNabb
and Sandborn, 1964). The upper end of the filaments is
associated with a dense region of the cytoplasmic surface of
the plasma membrane covering the tip of a microvillus. In a
cross section of the microvillus, the number of filaments is
about 50 and their packing may be in hexagonal array.
oFilaments do not appear in a 200-300A wide zone beneath the 
plasma membrane. Beneath the microvilli, the bundle of
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f i l a m e n t s  forms a r o o t l e t .  I t  i s  of i n t e r e s t  t h a t  i n  the 
e a r l i e r  o b s e r v a t i o n s ,  these  s t r u c t u r e s  were found to be 
prominent  in  u n s u c c e s s f u l l y  p r e s e r v e d  c e l l s  and were con­
s i d e r e d  to be a r t i f a c t s  (Z e t t e r q v i s t , 1956; Pa lay  and
K a r l i n ,  1959a).  In human e n t e r o c y t e s  the s t r u c t u r e s  seen
in  the  m i c r o v i l l i  were i n t e r p r e t e d  as m ic r o t u b u l e s  r ang ing  
o
from 60-150A in  d i am e te r  (Laguens and B r i o n e s ,  1965).  Both
o
f i l amen tous  and t u b u l a r  s t r u c t u r e s  (60-110A in  d iame te r )  
were observed in  mouse by Mukherjee and Wi l l i ams  (1966) .
These au thors  obse rved ,  l i k e  M i l l i n g t o n  and F inean  (1962) ,  
t r a n s v e r s e  connec t ions  of f i l a m e n t s  w i th  the plasma membrane. 
F i l a m e n t s  and t u b u l e s ,  which were o f t e n  p a i r e d ,  can be 
demons t ra ted  a f t e r  f r e e z e  s u b s t i t u t i o n  (Kjaerheim,  1963).
There i s  no i n fo rm a t ion  conce rn ing  the development of 
the  m i c r o v i l l u s  core  in  mammalian e n t e r o c y t e s .  In  the  
chicken duodenum the he igh t  of m i c r o v i l l i  a t  e a r l y  s t a g e s  
of  development i n c r e a s e d  a f t e r  t he  fo rmat ion  of  the c o r e .
The r o o t l e t s  were formed a f t e r  core  fo rma t ion .  This su g g e s t s  
t h a t  the onse t  of d i f f e r e n t i a t i o n  of  the core  takes  p l a c e  in  
the  s u r f a c e  a r e a .  At l a t e r  s t a g e s  of development ,  the wid th  
of the core  remains unchanged,  (Over ton and Shoup, 1964),
Immediate ly below the  b rush  b o r d e r ,  t h e r e  i s  a zone 
r e f e r r e d  to as the t e rmina l  web. This  term was r e i n t r o d u c e d  
by P u c h t l e r  and Leblond (1958) ,  in  t h e i r  l i g h t  m ic r o s c o p i c a l  
s tudy of e n t e ro c y t e s  and s ince  then has been used in  e l e c t r o n
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microscopy. Earlier observations (Zetterqvist, 1956) inter­
preted this zone as an expansion of microvi1louscores in a 
plane parallel to the free surface. Palay and Karlin (1959a) 
first observed lateral connections of filaments to the 
"terminal bar". Their finding confirmed the assumptions of 
Puchtler and Leblond (1958) which were based on light micro­
scopical observations. These authors state that "If the web 
is made of filaments these would then end in the terminal 
bars." According to more recent observations, the majority 
of filaments in the terminal web appear to condense and 
terminate in an intermediate junction (Zamboni, 1961;
Farquhar and Palade, 1963; McNabb and Sandborn, 1964). A 
less dense layer of coarser filaments is seen beneath, and 
was named the desmosomal web (McNabb and Sandborn, 1964) 
since these appear to be connected with the apical desmosome 
(Farquhar and Palade, 1963). The rootlets of microvillus 
filaments terminate at the level of either terminal or 
desmosomal webs. Some filaments of the rootlets are contin­
uous with the web. Zamboni (1961) stressed the architectural 
continuity of all these filamentous structures using the 
term "cell web" for the whole complex. The significance of 
this complex in maintaining the shape of the apex of the 
cell was demonstrated by Millington and Finean, (1963); 
Eichholz and Crane, (1965); Overton, Eichholz and Crane,
(1965). After isolation the terminal web remains attached to
21
the b rush  b o r d e r .  The evidence  ob t a in ed  in  these  and o t h e r  
s t u d i e s  (Over ton ,  E i chho lz  and Crane,  1964) confi rmed the 
e x i s t e n c e  of the m i c r o v i l l u s  core  as an e n t i t y  which was 
s e p a r a b l e  as a f r a c t i o n  by c e n t r i f u g a t i o n .  Nega t ive  s t a i n ­
ing a pp l i e d  to t h i s  f r a c t i o n  showed p a r a l l e l  s t r u c t u r e s  
co r r e sp o n d in g  to the  f i l a m e n t s .  A f u r t h e r  f r a c t i o n  was 
formed by v e s i c l e s  w i th  a u n i t  membrane s u b s t r u c t u r e .  M i l l e r  
and Crane (1961a) i s o l a t e d  b rush  b o rde r  and s ev e ra l  enzymes 
in  i t ,  p a r t i c u l a r l y  d i s a c c h a r i d a s e s  ( M i l l e r  and Crane,  1961b).  
F u r t h e r  f r a c t i o n a t i o n  of the i s o l a t e d  b rush  border  made i t  
p o s s i b l e  to l o c a l i s e  the a l k a l i n e  phospha ta se  and m a l t a s e  
a c t i v i t i e s  i n t o  a f r a c t i o n  c o n s i s t i n g  of v e s i c l e s  which 
cor responded  to the i s o l a t e d  plasma membrane. P a r t i c l e s  
cover ing  the s u r f ace  of these  membranes may be compared to 
those  c o a t i n g  m i to c h o n d r i a l  membranes,  (Fernandez-Moran,
Oda, B l a i r  and Green,  1964) and sugges t  t h a t  t h e re  i s  a l so  
an o r d e r l y  arrangement  of enzymes on the m i c r o v i l l u s  plasma 
membrane s e r v i n g  h y d r o l y t i c  and a b s o r p t i v e  f u n c t i o n s .
The i s o l a t e d  m i c r o v i l l o u s  co r e s  of hamster  e n t e r o c y t e s  
showed a h e l i c a l  c h a i n - l i k e  s t r u c t u r e  (Over ton,  E ichho lz  and 
Crane,  1964) .
The i s o l a t i o n  of  brush  b o r d e r s  invo lves  a b ind ing  of  
ca lc ium by c h e l a t i o n ,  a p rocedure  which appears  to be n e c ­
es sa ry  for  complete  s e p a r a t i o n  ( M i l l i n g t o n ,  C r i t c h l e y  and 
T o v e l l ,  1966).  This seems to r e f l e c t  the impor tan t  r o l e  of
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calcium in the maintenance of epithelium integrity.
The ground cytoplasm of an enterocyte beneath the term­
inal web contains cellular organelles.
The endoplasmic reticulum occurs as the granular and a- 
granular varieties. Some descriptions state that granular
endoplasmic reticulum is seen only in moderate amount (Palay
11
and Karlin, 1959a; Sjostrand, 1963b). Others do not ment­
ion the amount specifically. The granular endoplasmic 
reticulum is seen in the supranuclear zone as flat cisternae 
and lies parallel to the long axis of the cell, branching
occasionally. In some places the reticulum forms small
11groups of cisternae (Palay, Karlin, 1959a). In Sjostrand1s
opinion, (1963b) the amount of endoplasmic reticulum is
slightly greater in the infranuclear cytoplasm. In addition
to cisternae, some ribosome-covered membranes form rounded
vesicles or tubules in the supranuclear cytoplasm. The
occurrence of this form varies with absorption (Palay and
Karlin, 1959b). Frequently the membranes of vesicles and
tubules are devoid of granules representing a transition to
the smooth surfaced endoplasmic reticulum. Vesicles are
seen in large numbers in the apical part of the enterocyte 
n
(Sjostrand, 1963b; Ashworth and Johnston, 1963; Padykula, 
Strauss, Ladman and Gardner, 1961). They are described as 
being more numerous and larger in areas of cytoplasm away 
from the surface (Palay and Karlin, 1959a; Ashworth, Chears,
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Sanders and Pearce, 1961). The tubular form of agranular 
reticulum is often associated with vesicles. It is part­
icularly well developed in the enterocytes of the hamster 
(Strauss, 1963) where it is seen to have a fairly dense 
content. These tubules may communicate with rough endo­
plasmic reticulum and Golgi complex. A similar development 
of smooth-surfaced tubules was seen in partially differ­
entiated enterocytes of the bandicoot (Van Lennep, 1964).
In this species, the membranes of these tubules are char-
o
acterised by increased thickness (85A) and density. They
seem to originate from vesicles which arise at earlier
stages from the Golgi complex.
In contrast to the tubular forms of agranular reticulum,
the significance of the vesicles and especially those seen
in the apical portion of the cell is uncertain. However the
invaginations of the plasma membrane which may be taken as
evidence of pinocytosis, have special dimensional, structural
and hi stochemical characteristics (see above). On the other
hand, vesicles in the apical zone have a symmetrical triple-
o
layered membrane about 70A thick, which makes their derivat-
n
ion from the plasma membrane doubtful (Sjostrand, 1963a).
i t
Sjostrand (1963a, b) suggested their origin from the Golgi 
complex. This seems to be the case in differentiating gut 
epithelium in the bandicoot (Van Lennep, 1964) in which
species, the vesicles have thicker walls (-85A) and are later
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transformed into tubules. This mode of development may be, 
however, peculiar to this species or to marsupials in general.
Small vesicles in the apical zone may show alkaline 
phosphatase activity. This has been demonstrated in some 
smooth surfaced saccules of the reticulum and in the Golgi 
complex. This makes the interpretation of the mode of 
origin of the membranes on the basis of alkaline phosphatase 
activity difficult. The findings of Pease (1966c) using the 
method of inert dehydration, indicate that many of the tubular 
structures seen in the apical cytoplasm beneath the terminal 
web (see Fig, 12 in Pease, 1966c) have functional connections 
with the plasma membrane.
The narrow tubules penetrating the terminal web and 
frequently traced in continuity with the plasma membrane 
(Palay and Karlin, 1959a; Ashworth and Johnston, 1963; 
Strauss, 1963; Ladman, Padykula and Strauss, 1963; Strauss, 
1966) were never seen to be continuous with the endoplasmic 
reticulum, although occasional continuity with vesicles 
beneath the web was observed (Ashworth and Johnston, 1963). 
Continuity of vesicles with endoplasmic reticulum was rarely 
seen (Strauss, 1966).
Two factors which might influence the form of smooth 
surfaced membranes should be pointed out. In evaluating 
the difference in dimensions of plasma membranes and vesicles, 
the possibility of the transformation of membrane has to be
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considered. It is known that the symmetrical triple layered 
membranes bounding the zymogen granules of pancreatic acinar 
cells acquire an asymetric character and thickness similar
ti
to that of the plasma membrane before extrusion (Sjostrand, 
1963b; Malhotra and Van Harreveld, 1965). This indicates 
that some mechanism determines changes of structure before 
one membrane is incorporated into another. In endocytosis 
the change of membrane structure may be assumed to take 
place long before the membrane is incorporated into the 
interior of the cell. The events which accompany this 
"membrane flow" (Bennett, 1955) are not known. Another 
factor determining the proportion of vesicles seen in the 
cytoplasm may be the fixation. It is known that tubules 
and cisternae of agranular endoplasmic reticulum in various 
cells are transformed into vesicles when fixation is not 
optimal, (I to, 1961; Christensen, 1965). Tubules of smooth
endoplasmic reticulum in the enterocytes may presumably 
react in a similar fashion. Few observations of autolysis 
in enterocytes (Zetterqvist, 1956; Hartman, Smith, Hartman
and Butterworth, 1959) indicate that vacuoles are formed.
The descriptions however, do not allow any firm conclusion 
to be drawn as to their mode of origin.
Free ribosomes are numerous according to most observat- 
i ons.
The Golgi complex of the enterocyte is well developed
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(Zetterqvist, 1956; Palay and Karlin, 1959a; Padykula,
11
Strauss, Ladman and Gardner, 1961; Trier, 196 2; Sjo strand, 
1963b), and is situated above the nucleus. Additional com­
plexes were seen in paranuclear and intranuclear positions 
11(Sjostrand, 1963b). The complex consists of 4-8 flat
cisternae stacked closely together in parallel fashion,
surrounded by numbers of vesicles. The membranes are
o nsymmetrical and 60-70A in thickness (Sjostrand, 1963a).
Some cisternae usually show vacuolar dilations. The Golgi 
complex is occasionally vacuolar in appearance (Lacy and 
Taylor, 1962). Elements of the Golgi complex, even in fast-
H
ing animals, often contain dense granules (Sjostrand, 1963b) 
of the same appearance as the lipid droplets formed during 
absorption (Palay, Karlin, 1959a). Striking numbers of 
thick-walled vesicles were observed in the Golgi complex at 
the earliest stages in the differentiation of bandicoot 
enterocytes (van Lennep, 1964);
The reaction products of nucleoside diphosphatases and 
thiamine pyrophosphatase activities were located in the 
Golgi complex by electron microscopy. Weak activity of 
these enzymes was apparent in the endoplasmic reticulum of 
enterocytes (Go Idfischer, Essner and Novikoff, 1964). A 
strong reaction was observed in the endoplasmic reticulum, 
especially beneath the terminal web when thiol substituted 
acids were used to demonstrate "esterase" activity (Bell and
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Barrnett, 1965). Alkaline phosphatase activity is present 
in Golgi cisternae and vesicles (Hugon and Borgers, 1966c). 
Golgi cisternae show some activity of acid phosphatase 
(Barka, 1964), but most of the activity of this enzyme in 
the Golgi area is present within lysosomes.
U 1trastrueturally the most investigated activity of 
the endoplasmic reticulum and Golgi complex of enterocytes 
is that associated with fat absorption.
Briefly, the biochemical evidence indicates that fats 
are absorbed as free fatty acids or monoglycerides, which 
are present in the lumen of the gut as a micellar solution
i t(Senior, 1964; Isselbacher, 1965; Hofmann and Borgstrom, 
1962). The triglycerides are resynthesised in the mucosa.
Electron microscopical investigations have brought 
conclusive evidence concerning the transport of the lipid 
within the cell, interpretations as to the mode of entry 
are, however, a matter of controversy.
Lipid droplets 30-lOOm u in diameter occur with different 
degrees of frequency between the microvilli of the brush 
border (Palay and Karlin, 1959b; Strauss, 1963; Lacy and 
Taylor, 1962; Ladman, Padykula and Strauss, 1963; Ashworth 
and Johnston, 1963; Thomas and O ’Neal, 1960; Ashworth and
11Lawrence, 1966). Sjostrand (1963b) and Strauss (1966) did 
not see any. Increased pinocytotic activity manifested by 
the occurrence of lipid droplets within vesicles close to 
the bases of microvilli and terminal web was seen by Palay
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and Karlin (1959b); Palay and Revel (1964); Napolitano
and Kleinerman (1964). Others found fat globules in this
location only occasionally or rarely (Ashworth, Stembridge
and Sanders, I960; Thomas and O ’Neal, 1960; Strauss,
1963; Phelps, Rubin and Luft, 1964; Jones, Thomas and
Scott, 1962). Ashworth and Lawrence (1966) pointed out that
there was an association of micellar lipid particles 
o
(50-150A) with the fuzzy layer. Similar particles rarely 
occurred in "spherules" (300-IOOOA in diameter) in the reg­
ion of the terminal web. These represented pinocytotic 
vesicles, but were only slightly increased in number during 
lipid absorption. Strauss (1966) observed vesicles with 
droplets only rarely in the lower portion of the terminal 
web without any increase in pinocytosis during in vitro fat
absorption in hamster. Still others (Ashworth and Johnston,
11
1963; Ladman, Padykula and Strauss, 1963; Sjostrand, 1963b)
noted that in general the terminal web was free of lipid.
There is universal agreement that the fat globules appear
within vesicles beneath the terminal web which have membranes 
o M7O-8OA in thickness (Sjostrand, 1963b; Ashworth and Lawrence,
M1966). Sjostrand (1963b) is of the opinion that the lipid 
appears in those vesicles of the fasting animals which orig­
inated hypothetically from the Golgi complex. Napolitano 
and Kleinerman (1964) reported that the fat-containing 
vesicles of the terminal web which occur with highest
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frequency at an early stage of absorption have a membrane
similar in structure to the plasma membrane. This is in
11direct opposition to Sjostrand’s findings. Other authors 
hold that there is continuity of these vesicles with smooth 
and rough surfaced endoplasmic reticulum.
Since the origin of the vesicles is not determined, the 
importance of pinocytosis in fat absorption is regarded 
differently. Palay and Karlin (1959b) pointed out that 
there was a discrepancy between the amount of lipid enter­
ing the cell and in the terminal web, and that accumulating 
more deeply in the endoplasmic reticulum. In order to 
explain the finding in terms of pinocytosis, it was necess­
ary to assume that the entry and passage through the terminal 
web was very rapid. They did not, however, conclusively 
determine the importance of pinocytosis in absorption.
Porter (l9ol) suggested that lipid seen entering the cells 
by pinocytosis represents the residues of incomplete 
hydrolysis, while the fat in the endoplasmic reticulum was 
resynthesised after hydrolysis. Other observations (see 
above) remained either inconclusive in deciding the mech­
anism of absorption, or questioned but did not completely 
exclude the significance of pinocytosis.
The process of fatty acid absorption (administered in 
the same fashion as fat)(Ashworth and Johnston, 1963), cannot
be distinguished by electron microscopy from fat absorption. 
The morphological site of their conversion to the
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t r i g l y c e r i d e s  which appear  i n  the c h y l e ,  has not  been d e t ­
ermined.  D i f f e r e n c e s  in  s t r u c t u r e  of  d r o p l e t s  a s s o c i a t e d  
w i th  the  a b s o r p t i o n  of corn o i l ,  b u t t e r  and some o t h e r  
l i p i d s ,  have been observed (Thomas, and 0*Neal ,  1960; Jones ,  
Thomas and S c o t t ,  1962) but  these  d id  not  c o n t r i b u t e  to the 
mechanism of a b s o r p t i o n .
The a b s o r p t i o n  of p o l y s t y r e n e  l a t e x  p a r t i c l e s  p a r a l l e l e d  
t h a t  of l i p i d .  The m a t e r i a l  r a r e l y  occurs  in  the t e rmina l  
web and i s  enc losed  w i t h i n  v e s i c l e s  (Sanders  and Ashworth,  
1961).  However, the v a l i d i t y  of  th e s e  f i n d i n g s  was s u b j e c t  
to c r i t i c i s m  ( T r i e r  and Rubin,  1965) s ince  some p a r t i c l e s  
might  have been f a t .
P a l a y  and Revel (1964) conf i rmed the o r i g i n a l  o b s e r v a t ­
ions  and a f t e r  examining the e a r l i e r  s t a g e s  of  l i p i d  a b s o r ­
p t i o n ,  found l i p i d  in i n v a g i n a t i o n s  of the  plasma membrane 
and t e rm in a l  web, more o f t e n  than in  the p r e v i o u s  i n v e s t i g ­
a t i o n .  In t h e i r  o p i n i o n ,  the f requency of t h i s  p r o c e s s  could 
account  fo r  the accumula t ion  of  f a t  in  abso rb ing  c e l l s  and 
sugges ted  t h a t  the  concept  of the r ap id  up t ake  and passage  
through the t e rmina l  web was no longer  n e c e s s a r y .  However, 
an examina t ion  of  t h e i r  p u b l i s h e d  photographs  shows th a t  
the amount of l i p i d  seen in  t h i s  r eg io n  i s  compara t i ve ly  
low.
F u r t h e r  doubts  about the s i g n i f i c a n c e  of p i n o c y t o s i s  in  
f a t  a b s o r p t i o n  fol lowed exper iments  in  which t r a c e r  m a t e r i a l s
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were suspended in the fat to be absorbed (Cardell,
Badenhausen and Porter, 1966). Absorbed fat was seen in
the endoplasmic reticulum, while tracer material (ferritin)
was trapped in apical vesicles which were free from fat.
These were apparently of pinocytotic origin.
Rubin (1966) observed in newborn puppies that there was
no relationship of fat absorption to pinocytotic activity
by which colostrum protein was being absorbed simultaneously 
11Sjostrand (1963a) was the only person to describe 
increase in width of the peripheral component of the plasma 
membrane and the appearance of dense material in the inter­
mediate layer evident during lipid absorption. His obser­
vation of irregularities of the outer surface of the plasma 
membrane seems to correspond to a description of the fuzzy 
1 ayer.
Some observations suggest that lipid is absorbed in
micellar form. Lacy and Taylor (1962) saw dense particles 
oabout 250A in diameter within the plasma membrane, in 
microvilli and rarely in the terminal web.
oParticles ranging in diameter from 50-1000A were dem­
onstrated on or within the microvilli essentially by proc­
edures for demonstrating phosphatases when the substrate 
from Wachstein-Meisei medium was omitted (Rostgaard and 
Barrnett, 1965). The particles increased considerably in 
number after fat feeding. In the region of the terminal web
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only the smallest particles were seen. The fat appearing 
beneath the terminal web in the vesicles was non-reactive.
In the opinion of these authors, this evidence indicated 
that some fat is absorbed in a particulate or micellar form 
which penetrated through the plasma membrane. It seems 
difficult, however, to explain the great size of some glob­
ules entering the microvilli; in some instances the appear­
ance may be due to the superposition of structures.
Ashworth and Lawrence (1966) proposed that micellar 
particles become attached or incorporated into the plasma 
membrane and that the released lipid is transported by means 
of membrane flow within "spherules" or becomes hydrolyzed 
to form molecules which diffuse through the plasma membrane.
The passage of fat through the enterocyte is relatively 
well understood. Fat droplets accumulate in the cisternae 
of both agranular and granular reticulum. Few were demon­
strated in the perinuclear cisterna (Palay, 1960). Fat 
droplets within the endoplasmic reticulum show an increase 
in size, suggesting coalescence. The endoplasmic reticulum 
surrounding fat droplets usually appears as vesicles or 
vesicular expansions (Palay and Karlin, 1959b; Ashworth, 
Stembridge and Sanders, 1960; Strauss, 1963). At this 
stage, fat appears within the Golgi complex which can be 
distended to a considerable degree. Fat droplets within the 
Golgi complex coalesce to form large ones (Ladman, Padykula
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and S t r a u s s ,  1 9 6 3 ;  S t r a u s s ,  1 9 6 3 ;  J e r s i l d ,  1 9 6 6 b ) .  S t r a u s s  
( 1 9 6 6 )  o n  t h e  o t h e r  h a n d ,  d e n i e s  t h a t  t h e r e  i s  a n y  c o a l e s ­
c e n c e  o f  d r o p l e t s .  I n  c e l l s  l o a d e d  w i t h  d r o p l e t s ,  l a r g e r  
m a s s e s  o f  f a t  w e r e  o b s e r v e d  i n  t h e  c y t o p l a s m i c  m a t r i x ,  f r e e  
o f  m e m b r a n o u s  i n v e s t m e n t  ( P a l a y  and  R e v e l ,  1 9 6 4 ;  J e r s i l d ,  
1 9 6 6 b ;  S t r a u s s ,  1 9 6 6 ) .
Th e  s y n t h e t i c  a c t i v i t y  o f  e n d o p l a s m i c  r e t i c u l u m  d u r i n g  
f a t  a b s o r p t i o n  w a s  r e c e n t l y  s h o w n  b y  a u t o r a d i o g r a p h y  w i t h  
l a b e l l e d  g l u c o s e  ( J e r s i l d ,  1 9 6 6 a ) .  T h i s  s h o w e d  t h a t  t h e  
g l u c o s e  w a s  i n c o r p o r a t e d  i n t o  t h e  f a t  d r o p l e t s  i n s i d e  t h e  
e n d o p l a s m i c  r e t i c u l u m .
R a d i o a u t o g r a p h i c  i n v e s t i g a t i o n s  d i s c l o s e d  t h a t  t h e  f a t  
a b s o r p t i o n  i s  v e r y  r a p i d .  L a b e l l e d  f a t  w a s  o b s e r v e d  i n  t h e  
e n d o p l a s m i c  r e t i c u l u m  and t h e  G o l g i  c o m p l e x  o n e  m i n u t e  a f t e r  
a d m i n i s t r a t i o n  and c o n s i d e r a b l e  q u a n t i t i e s  h a d  a c c u m u l a t e d  
w i t h i n  8 - 3 0  m i n s .  T h i s  s e q u e n c e  o f  e v e n t s  s u g g e s t e d  t h a t  
t h e  r a t e  o f  f a t  d i s c h a r g e  i s  s l o w e r  t h a n  a b s o r p t i o n .  T h e  
a p p a r e n t  c o n c e n t r a t i o n  o f  f a t  i n  t h e  G o l g i  a r e a  may e x p l a i n  
t h i s  r e t a r d a t i o n  ( J e r s i l d ,  1 9 6 6 b ) .
T h e  d i s c h a r g e  o f  t h e  f a t  i n t o  t h e  i n t e r c e l l u l a r  s p a c e  
t a k e s  p l a c e  a t  t h e  l e v e l  o f  t h e  G o l g i  c o m p l e x  o r  n u c l e u s .
I n  t h i s  p r o c e s s  r e v e r s e  p i n o c y t o s i s  i s  a s s u m e d  t o  o p e r a t e .  
M o s t  r e p o r t s  do n o t  d i s c u s s  t h e  s e q u e n c e  o f  e v e n t s  i n  
d e t a i l .  T h e  v e s i c l e s  and c h a n n e l s  o f  t h e  e n d o p l a s m i c  r e t ­
i c u l u m  w h i c h  w e r e  a s s u m e d  t o  b e  i n v o l v e d  i n  t h i s  f o r m  o f
3 4 .
a c t i v i t y  ( P a l a y  and K a r l i n ,  1 9 5 9 b )  w e r e  n e v e r  s e e n  i n  d i r e c t  
c o m m u n i c a t i o n  w i t h  t h e  c e l l  s u r f a c e .  L a c y  and  T a y l o r  ( 1 9 6 2 )  
o b s e r v e d  v a c u o l e s  c o n t a i n i n g  f a t  , i n  t h e  G o l g i  c o m p l e x ,
o r i e n t a t e d  t o w a r d s  t h e  p l a s m a  m e m b r a n e .  T h e i r  e v i d e n c e  
s u g g e s t e d  t h a t  t r a n s p o r t  o f  f a t  i s  e f f e c t e d  b y  t h i s  o r g a n e l l e .  
L a d m a n ,  P a d y k u l a  and  S t r a u s s  ( 1 9 6 3 )  o b s e r v e d  f a t  d r o p l e t s  
i n  t h e  e n d o p l a s m i c  r e t i c u l u m  o f  t h e  i n t r a n u c l e a r  p o r t i o n  o f  
t h e  c e l l  w h i c h  i n d i c a t e d  t h a t  f a t  d i s c h a r g e  m i g h t  a l s o  o c c u r  
f r o m  t h e  b a s a l  s u r f a c e ,  a l t h o u g h  t h i s  w a s  n o t  a c t u a l l y  s e e n .
I n  o t h e r  o b s e r v a t i o n s  ( A s h w o r t h  and J o h n s t o n ,  1 9 5 3 )  f a t  
d r o p l e t s  w e r e  s e e n  b e t w e e n  t h e  b a s e  o f  a c e l l  a n d  t h e  b a s e ­
ment  m e m b r a n e .
T h e r e  i s  no  d o u b t  t h a t  m o s t  o f  t h e  f a t  i s  d i s c h a r g e d
t h r o u g h  t h e  l a t e r a l  b o r d e r s  o f  t h e  c e l l  and a l l  o b s e r v a t i o n s
a g r e e  t h a t  i n t e r c e l l u l a r  s p a c e s  a r e  m a r k e d l y  d i l a t e d  a t
t h i s  s t a g e .  S m a l l  g a p s  t h e n  a p p e a r  b e t w e e n  t h e  b a s e s  o f  t h e
c e l l s  w h i c h  o p e n  i n t o  s p a c e s  d i r e c t e d  t o w a r d s  t h e  b a s e m e n t  
11
m e m b r a n e .  S j o s t r a n d  ( 1 9 6 3 b )  d i s c u s s e d  t h e  p o s s i b i l i t y  t h a t  
s ome  s u r f a c e  a c t i v e  a g e n t  i s  s e c r e t e d  b y  t h e  c e l l s .
F a t  d r o p l e t s  i n  a n  e x t r a c e l l u l a r  l o c a t i o n  a r e  d e v o i d  o f  
a n y  m e m b r a n o u s  i n v e s t m e n t .  T h e y  c o r r e s p o n d  i n  s i z e  t o  
c h y l o m i c r a .  I n  a d d i t i o n ,  R u b i n  ( 1 9 6 6 )  o b s e r v e d  i n  m a n ,  
s m a l l e r  p a r t i c l e s  w h i c h  h a d  a n  a p p e a r a n c e  o f  l i p o p r o t e i n s .  
T h e y  p a s s  t h r o u g h  t h e  b a s e m e n t  membr ane  i n t o  t h e  l a m i n a  
p r o p r i a .  T h i s  p a s s a g e  t h r o u g h  t h e  b a s e m e n t  m e m b r a n e  h a s  n o t
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received particular attention, but Palay and Karlin (1959b) 
and Ladman, Padykula and Strauss (1963) have pointed out the 
paucity or absence of droplets in this location. Trier and 
Rubin (1965) and Rubin (1966) laid particular stress on the 
presence of discontinuities in the basement membrane, through 
which they believe the passage of fat takes place.
An azo dye is formed in vivo by coupling naphthol and 
diazonium salt during absorption. Naphthyl is administered 
as a phosphate and hydrolysed by alkaline phosphatase 
present in the plasma membrane. The azo dye formed is 
absorbed in a similar fashion to lipid. Particles of insol­
uble dye are observed in vesicles beneath the striated 
border; later they accumulate in the Golgi complex and are 
discharged through the lateral plasma membrane (Barrnett, 
1959)» However the possibility that diffusion takes place 
before the dye forms detectable particles must be taken into 
consideration.
It seems appropriate to mention the ability of neonatal 
enterocvtes to absorb proteins such as antibodies and coll­
oidal materials. This ability, which is lost in the rat 
after approximately 20 days of postnatal life, is associated 
with the presence of large, apparently pinocytotic vacuoles 
beneath the terminal web (Claik, 1959) in which these sub­
stances may be demonstrated after their administration. At
the same time, the activity of alkaline phosphatase in the
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brush border is lower than in adult animals (Clark, 1961),
Numerous pinocytotic vesicles and vacuoles were observed in
the enterocytes of newborn dogs (Rubin, 1966) and pigs 
11(Sibalin and Bjorkman, 1966) during colostrum absorption; 
in the latter species, these contained a foamy substance. 
Kraehenbuhl, Gloor and Blanc, (1966) showed, however, that 
the vacuoles occur also in the postnatal enterocytes of 
species, like rabbit, which do not absorb protein. Vacuoles 
were seen frequently in direct continuity with the plasma 
membrane. This indicates that the ability to absorb protein 
may be determined by the membranes of vacuoles rather than 
by the process of pinocytosis in itself. To prove this, it 
would be desirable to determine if there is any difference 
in the occurrence and accumulation of proteins and colloids 
in the vacuoles of species which are able to absorb these 
and those which cannot.
The absorption of proteins in adult animals cannot be 
readily demonstrated by electron microscopy. Recently the 
uptake of ferritin by pinocytosis was demonstrated by 
Bookman and Winborn (1966); Casley-Smith (1967); Cardell, 
Badenhausen and Porter (1966). An increase in the number 
of vesicles was reported after sucrose and casein administ­
ration (Hampton, 1961) but because these observations are 
available in abstract form only, they cannot be reasonably 
interpreted.
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An enterocyte contains fairly numerous mitochondria 
(Dalton, 1951; Zetterqvist, 1956; Palay and Karlin, 1959a; 
Padykula, Strauss, Ladman and Gardner, 1961; Ashworth, 
Chears, Sanders and Pearce, 1961). They are most frequently 
filamentous or rod shaped. Spherical or branched forms have 
been described, though less frequently (Palay and Karlin, 
1959a). Palay and Karlin (1959a) pointed out that mito­
chondria are more frequent in supra-nuc1 ear cytoplasm; 
nSjostrand (1963b), on the other hand, stated that the mito­
chondria and endoplasmic reticulum are abundant below the 
nucleus. In the supra-nuc1 ear cytoplasm, mitochondria are 
orientated parallel to the cell length (Zetterqvist, 1956; 
Palay and Karlin, 1959a; Padykula, Strauss, Ladman and 
Gardner, 1961) consequently elongated profiles are commonest 
in longitudinally orientated sections. Cristae are generally 
transverse. Intramitochondrial dense granules are considered 
by some authors to occur frequently (Palay and Karlin,
1959a); Padykula, Strauss, Ladman and Gardner (1961) stated 
that they are present occasionally. During the absorption 
of sodium and potassium intramitochondrial granules increase 
in number in the enterocytes of the duodenum (Weiss, 1955b). 
These observations seem to represent a parallel to the later 
demonstrated role of dense granules in accumulation of 
divalent cations (Peachey, 1964; Greenawalt, Rossi, 
Lehninger, 1964). A different type of granule appears
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during iron absorption in duodenal and jejunal enterocytes 
(Oki, Yoshioka, Hayashi, Masuda, 1965). The granules were 
located in the intracristal space and were composed of more 
dense particles which differed from ferritin.
With the exception of Zetterqvist (1956), nuclei are 
hardly mentioned in electron microscopic observations of 
normal enterocytes. He observed infrequent irregularities 
of the nuclear margin. After osmium fixation chromatin is 
rarely condensed. The nucleolus, nuclear pores and envelope 
are not remarkable.
Lysosomes and lysosome-1ike bodies are frequently en­
countered in enterocytes. Zetterqvist (1956) classified these 
lysosomes under the heading, "component I"; others merely 
refer to them as dense bodies (e.g. Lacy and Taylor, 1962). 
Lysosomes seen in the intestinal epithelium exhibit the same 
pleomorphism as in other locations. They frequently contain 
segments of membranes (Barka, 1964; Lacy and Taylor, 1962). 
Lysosomes demonstrated by the acid phosphatase reaction are 
most frequent beneath the terminal web and also occur around 
the Golgi complex. Many bodies corresponding to lysosomes, 
either by the appearance or location, give also a positive 
reaction for alkaline phosphatase (Hugon and Borgers, 1966c; 
Chase, 1962), E-600 resistant esterase and ary1 sulphatase
(Hugon and Borgers, 196?). Cardell, Badenhausen and Porter 
(1966) suggest that pinocytotic vesicles take part in the
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formation of "apical lysosomes". At present, it is generally 
accepted that lysosomes may be the final stage of cytolysomes 
(Glinsmann and Ericsson, 1966;; ; De Duve, 1963; Ericsson,
Trump and Weibel, 1965). In enterocytes, altered mito­
chondria have been seen in a cytoplasmic body by Zetterqvist 
(1956). Similar structures were described by Takano (1964) 
as complex bodies. Cytolysomes were seen in great numbers 
in the enterocytes of newborn rats (Moe and Behnke, 1962) 
and in foetal life during the change of the stratified 
epithelium to form a single layer of cylindrical cells, 
(Behnke, 1963a). The cytolysomes contained a variety of 
constituents which showed signs of repeated incorporation 
and various degrees of disintegration. Some cytolysomes pre­
dominantly included pinocytotic vesicles. The origin of the 
limiting membrane was not determined.
In human foetal intestinal epithelium, lysosomes, which 
correspond to meconium corpuscles were demonstrated by 
electron microscopy. These appear to be formed by the con­
densation of vacuoles which are of pinocytotic origin 
(Bierring, Anderson, Egeberg, Bro-Rasmussen and Matthiessen, 
1964).
Multivesicular bodies were first seen in enterocytes by 
Zetterqvist (1956), who used the term "component II" to des­
cribe them. Later they were shown to contain the enzymatic
activities of lysosomes (Barka, 1964; Hugon and Borgers,
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1 9 6 6 c ;  1 9 6 7 ;  B j o r k m a n  and S i b a l i n ,  1 9 6 7 )  and t o  a c c u m u l a t e
f e r r i t i n  ( Bo c k m a n  and W i n b o r n ,  1 9 6 6 ) .
A s m a l l e r  h o m o g e n e o u s  s i n g l e  m e m b r a n e - 1 i m i t e d  b o d y ,  
s i m i l a r  t o  m i c r o b o d y ,  w a s  o b s e r v e d  i n  p o r c i n e  p o s t n a t a l
H
e n t e r o c y t e s  b y  S i b a l i n  and B j o r k m a n  ( 1 9 6 6 ) .  T h i s  b o d y  d o e s
n
n o t  s how a c i d  p h o s p h a t a s e  a c t i v i t y  ( B j o r k m a n  and S i b a l i n ,
1 9 6 7 ) .
M i c r o t u b u l e s  a r e  f r e q u e n t l y  s e e n  i n  e n t e r o c y t e s .  Th e  
s t r u c t u r a l  c h a r a c t e r i s t i c s  o f  m i c r o t u b u l e s  a r e  t h e  s a me  a s  
i n  o t h e r  c e l l s  ( B e h n k e ,  1 9 6 4 ;  S a n d b o r n ,  K o e n ,  McNabb & M o o r e ,  
1 9 6 4 ) .  I n  t h e  e n t e r o c y t e  t h e y  a r e  u s u a l l y  o r i e n t a t e d  l o n g ­
i t u d i n a l l y  ( B e h n k e ,  1 9 6 4 )  b u t  many m i c r o t u b u l e s  r u n  w i t h i n  
t h e  c e l l  we b  ( S a n d b o r n ,  K o e n ,  McNabb and  M o o r e ,  1 9 6 4 ) .  I n  
t h e  o p i n i o n  o f  t h e s e  a u t h o r s ,  t h e r e  a r e  a r e a s  o f  c o n t a c t  
b e t w e e n  m i c r o t u b u l e s  an d  p l a s m a  m e m b r a n e s .  T h e s e  r e l a t i o n ­
s h i p s  m u s t  b e  i n t e r p r e t e d  w i t h  c a u t i o n ,  h o w e v e r ,  and t h e  
i l l u s t r a t i o n s  p r e s e n t e d  a r e  f a r  f r o m  c o n v i n c i n g .
I n  n o r m a l  human e n t e r o c y t e s ,  m o d e r a t e l y  o p a q u e  b o d i e s  
c o n t a i n i n g  f e r r i t i n  w e r e  f o u n d  i n  t h e  s u p r a n u c l e a r  c y t o p l a s m  
( H a r t m a n ,  C o n r a d  J r . ,  H a r t m a n ,  J o y  and C r o s b y ,  1 9 6 3 ) .  T h e  
n a t u r e  and o r i g i n  o f  t h e  b o d i e s  h a s  n o t  b e e n  d e t e r m i n e d  w i t h  
c e r t a i n t y ,  b u t  i t  may p l a y  t h e  r o l e  o f  r e c e p t o r  i n  t h e  r e g ­
u l a t i o n  o f  i r o n  a b s o r p t i o n  ( Wheby and C r o s b y ,  1 9 6 3 ;  C o n r a d ,  
J r .  and C r o s b y ,  1 9 6 3 ) .  On t h e  o t h e r  h a n d ,  i r o n  c o n t a i n i n g
b o d i e s  i n  t h e  r a t  d u o d e n a l  e n t e r o c y t e s  o c c u r  o n l y  i n  i r o n -  
f e d  a n i m a l s  ( L e v e r ,  1 9 6 1 )  • I n  b o t h  man and r a t ,  f e r r i t i n
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w a s  s e e n  t o  b e  d i s p e r s e d  i n  t h e  c y t o p l a s m .
C r y p t  e p i t h e l i u m :
U n d i f f e r e n t i a t e d  c r y p t  e p i t h e l i u m  r e c e i v e d  l e s s  a t t e n t i o n  
f r o m  e l e c t r o n  m i c r o s c o p i s t s  t h a n  m a t u r e  e n t e r o c y t e s .
T h e  l a t e r a l  s u r f a c e  o f  c r y p t  c e l l s  i s  r e g u l a r  a n d  t h e  
p l a s m a  m e m b r a n e  u s u a l l y  s t r a i g h t .  J u n c t i o n a l  c o m p l e x e s  a r e  
t h e  s a m e  a s  i n  o t h e r  e p i t h e l i a .  D e s m o s o m e s  a r e  n u m e r o u s  
( T r i e r ,  1 9 6 3 )  and e x p a n s i o n s  o f  t h e  i n t e r c e l l u l a r  s p a c e  a r e  
g e n e r a l l y  a b s e n t .
A p i c a l  s t r u c t u r e s  a r e  p r e s e n t  t h o u g h  i n  a s i m p l i f i e d  
f o r m .  M i c r o v i l l i  a r e  l e s s  n u m e r o u s ,  r a t h e r  i r r e g u l a r  and  
s h o r t e r  ( B r o w n ,  1 9 6 2 ;  G o t t l i e b ,  R o b e r t s o n  and Z a m c h e c k ,
1 9 6 2 ;  P a d y k u l a ,  S t r a u s s ,  Ladman and G a r d n e r ,  1 9 6 1 ;  T r i e r ,  
1 9 6 2 ;  1 9 6 3 ) .  T h e  f u z z y  l a y e r  i s  w e l l  m a r k e d  ( T r i e r ,  1 9 6 3 ) .
M i c r o v i l l i  h a v e  t h e  c o r e s  f o r m e d  b y  f i l a m e n t s ,  t h e  f a s c i l e s  
o f  w h i c h  may b e  t r a c e d  i n t o  d e e p e r  l a y e r s  o f  t h e  c y t o p l a s m  
t h a n  i n  m a t u r e  e n t e r o c y t e s .  I n  p l a c e s ,  t h e  a p i c a l  s u r f a c e  
o f  t h e  c e l l  f o r m s  l o b e - s h a p e d  p r o t r u s i o n s ,  some o f  w h i c h  
w e r e  s e e n  f r e e  i n  t h e  l u m e n  a t  a c o n s i d e r a b l e  d i s t a n c e  f ro m  
t h e  c e l l  ( T r i e r ,  1 9 6 3 ;  1 9 6 4 ) .  P a d y k u l a ,  S t r a u s s ,  Ladman
a n d  G a r d n e r  ( 1 9 6 1 )  d e s c r i b e d  t h e  t e r m i n a l  we b  i n  c r y p t  
e p i t h e l i u m .  The  m o s t  d e t a i l e d  s t u d y  a v a i l a b l e ,  h o w e v e r  
( T r i e r ,  1 9 6 3 )  r e p o r t e d  i t s  a b s e n c e .  M i c r o t u b u l e s  a r e  s e e n  
i n  t h e  c y t o p l a s m  ( B e h n k e ,  1 9 6 4 ;  S a n d b o r n ,  K o e n ,  McNabb and
M o o r e ,  1 9 6 4 ) ,  and f r e e  r i b o s o m e s  a r e  v e r y  n u m e r o u s  ( T r i e r ,  
1 9 6 3 ;  M o e ,  R o s t g a a r d  and B e h n k e ,  1 9 6 5 ) .  T h e  e n d o p l a s m i c
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reticulum is sparse (Trier, 1964; Moe, Rostgaard and Behnke, 
1965). Mitochondria are not numerous and occur without any 
preferential localisation in the cell (Moe, Rostgaard and 
Behnke, 1965). They are larger and contain many dense bodies 
of greater size than those in mature enterocytes (Trier,
1962; 1963; Padykula, Strauss, Ladman and Gardner, 1961).
In the apical region a centriole of typical structure is 
found (Trier, 1963). The Golgi complex occurs above the 
nucleus or beside it and seems to have a variable size 
(Trier, 1962; 1963; Moe, Rostgaard and Behnke, 1965).
Thick walled vesicles are numerous in the Golgi complex of 
the bandicoot (van Lennep, 1964). Sometimes the cisterna of 
the endoplasmic reticulum lies close to and parallel with the 
Golgi complex. This relationship suggests a transitional 
stage in their formation. Some components of the Golgi 
complex exhibit an acid phosphatase activity (Moe, Rostgaard 
and Behnke, 1965; Hugon and Borgers, 1965). Lysosomes are 
seen in association with the Golgi complex. Their shape 
suggests that they develop from Golgi cisternae and vesicles 
(Moe, Rostgaard and Behnke, 1965).
The apical portion of the human crypt cells contains 
numerous membrane-bounded granules which reach a considerable 
size and are presumed to be secretory (Trier, 1963). After 
pilocarpine administration, they were secreted in a merocrine
or apocrine fashion (Trier, 1964).
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In some crypt cells, glycogei deposits were observed.
Cells located at the base of crypts may contain a highly 
tabulated nucleus and accumulations of mitochondria in the 
cytoplasm (Trier, 1963).
Goble t cells:
The fine structure of goblet cells varies to some extent 
with the phase of secretion. The microvilli and infoldings 
of the lateral plasma membrane are similar to those seen in 
non-secreting cells (Freeman, 1962; Palay, 1958) but with 
distension of the cell they flatten out. The ground cyto­
plasm is denser than that of other cell types in the intes­
tinal epithelium (Trier, 1963; Palay, 1958). The density 
is thought to be caused by compression by accumulated secret­
ory products (Freeman, 1962, 1966), or to the number of
ribosomes (Bierring, 1962). Mitochondria in goblet cells 
are round and oval (Bierring, 1962; Freeman, 196 6) or fil­
amentous (Palay, 1958) and less numerous than in enterocytes 
(Bierring, 1962). The nucleus, when not compressed is sim­
ilar to that of neighbouring cells.
Some authors hold that the earliest sign of goblet cell 
development is enlargement of the Golgi complex, (Freeman, 
1962; 1966; Hollman, 1963)• In the opinion of Palay ( 1958),
this is preceded by proliferation of granular endoplasmic 
reticulum. Later, both organelles increase in volume. The
granular endoplasmic reticulum may be arranged in a concentric
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f a s h i o n  r o u n d  t h e  n u c l e u s  a n d  e x t e n d s  a t  t h e  b a s e  a n d  a l o n g  
l a t e r a l  s u r f a c e s  o f  t h e  c e 1 1 ( F r e e m a n , 1 9 6 2 ;  1 9 6 6 ;  P a l a y ,
1 9 5 8 ) ,  M o s t  o b s e r v a t i o n s  a g r e e  t h a t  t h e  m u c o u s  g r a n u l e s  
o r i g i n a t e  b y  a c c u m u l a t i o n  i n  G o l g i  v a c u o l e s ,  w h i c h  a r e  
f o r m e d  b y  d i l a t a t i o n  o f  t h e  G o l g i  c i s t e r n a e  ( F r e e m a n ,  1 9 6 6 ;  
1 9 6 2 ;  Ho l i m a n ,  1 9 6 3 ;  F l o r e y ,  I 9 6 0 ;  P a l a y ,  1 9 5 8 ;  B i e r r i n g ,  
1 9 6 2 ) •  T h e  m u c o u s  m a t e r i a l  s e e m s  t o  b e  f i n e l y  g r a n u l a r  
( H o l l m a n ,  1 9 6 3 ;  F r e e m a n ,  1 9 6 6 ;  T r i e r ,  1 9 6 3 ) .
J e n n i n g s  and  F l o r e y  ( 1 9 5 6 )  d e m o n s t r a t e d  i n  g o b l e t  c e l l s  
o f  c o l o n  b y  l i g h t  m i c r o s c o p y  t h a t  i n o r g a n i c  s u l p h a t e  a p p e a r e d  
i n  G o l g i  z o n e s  b e f o r e  b e i n g  d e m o n s t r a b l e  i n  m u c o u s  g r a n u l e s .  
T h i s  w a s  a l s o  s e e n  w i t h  l a b e l l e d  g l u c o s e  ( P e t e r s o n  a n d  
L e b l o n d ,  1 9 6 4 ) .  E l e c t r o n  m i c r o s c o p e  a u t o r a d i o g r a p h y  c o n ­
f i r m e d  t h e s e  o b s e r v a t i o n s  ( L a n e ,  C a r o ,  O t e r o - V i 1a r d e b o  and  
Go d ma n ,  1 9 6 4 ;  N e u t r a  and L e b l o n d ,  1 9 66 )  a n d  s h o w e d  t h a t  t h e  
l a b e l l i n g  s t a r t e d  t o  a p p e a r  i n  t h e  G o l g i  c i s t e r n a e  w i t h i n  a 
f ew m i n u t e s .  S u b s e q u e n t l y ,  t h e  s u l p h a t e  l a b e l  b e c a m e  a s s o c ­
i a t e d  w i t h  t h e  m e m b r a n e s  o f  m u c o u s  g r a n u l e s .  T h e  g l u c o s e  
l a b e l  a p p e a r e d  w i t h i n  g r a n u l e s  and  r e a c h e d  t h e  a p e x  o f  t h e  
c e l l  w i t h i n  o n e  h o u r .  T h e  r e a c t i o n  f o r  a c i d  m u c o p o l y ­
s a c c h a r i d e s  w i t h  t h o r o t r a s t ,  w a s  p o s i t i v e  i n  t h e  p e r i p h e r a l  
c i s t e r n a e  f a c i n g  t h e  v a c u o l e s  a n d  i n  m u c o u s  g r a n u l e s  ( B e r l i n ,  
1 9 6 7 ) .  T h i s  p r o v i d e s  a d d i t i o n a l  c o n f i r m a t i o n  o f  t h e  p o l a r ­
i t y  o f  t h e  G o l g i  c o m p l e x  i n  e l a b o r a t i o n  o f  t h e  s e c r e t o r y
p r o d u c t .  T h e  a u t o r a d i o g r a p h i c  e v i d e n c e  s u g g e s t s  t h a t  t h e
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p r o c e s s  of mucus e l a b o r a t i o n  and membrane renewal  i s  c o n t i n ­
uous and q u i t e  r ap id  in  c o l o n i c  gob le t  c e l l s .  Some au thor s  
d e s c r i b e d  a merocr ine  type of  s e c r e t i o n  in  gob le t  c e l l s  
( T r i e r ,  1963; Neut ra  and Leblond,  1966) whi le  o t h e r s  b e l ­
i eve  t h a t  i t  i s  apocr ine  (Freeman,  1966; P a l a y ,  1958).  The 
d i s c h a r g e  of mucin caused by s t i m u l a t i o n  in  c o lon i c  gob le t  
c e l l s  i s  not  complete ( F l o r e y ,  I960) ,
The d i r e c t  e v o l u t i o n  of mucous g r a n u l e s  from the 
endoplasmic r e t i c u l u m  (Tay lo r ,  1959, a b s t r a c t )  has  not  been 
e s t a b 1i s h e d .
The apparent  s i m i l a r i t y  of the b a s i c  f e a t u r e s  of 
gob le t  c e l l s  and a b s o r p t i v e  c e l l s  f avours  the assumpt ion t h a t  
they a r e  the progeny of one c e l l  type .
Pane th  cel  1s :
The f i ne  s t r u c t u r a l  o r g a n i s a t i o n  of  Pane th  c e l l s  
conf i rms  t h a t  t hese  a re  s e c r e t o r y .  The plasma membrane of 
t h e s e  pyramidal  c e l l s  forms m i c r o v i l l i  on the a p i c a l  s u r ­
face  (Behnke, and Moe, 1964; H a l l y ,  1958; T r i e r ,  1963) 
w h i l e  t h e r e  a re  only  minor i n t e r d i g i t a t i o n s  of t he  l a t e r a l  
s u r f a c e .  J u n c t i o n a l  complexes and desmosomes a re  seen 
c o n s t a n t l y .  The endoplasmic r e t i c u l u m  or  e rgas top la sm occ­
u p i e s  t he  b a s a l ,  l a t e r a l  and in  p a r t ,  su p r a n u c l e a r  p o r t i o n s  
of the  c e l l .  The c o n t e n t s  appear  s l i g h t l y  dense  a f t e r  g l u t -  
a r a ldehyde  p r e f i x a t i o n  (Behnke and Moe, 1964).  The Golgi 
complex in  the su p ra n u c l e a r  r e g io n  i s  very  wel l  developed
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and forms multiple stacks of cisternae. Secretory granules
are seen in the neighbourhood of the Golgi complex and
towards the apex of the cell. Among these granules are seen
ovesicles about 400A in diameter (Hally, 1958; Trier, 19t>3; 
Behnke and Moe, 1964) which apparently belong to the Golgi 
complex. Some granules near the Golgi complex show a less 
dense finely particulate contents than those seen near the 
apex (Trier, 1963). In rat, the density of granules varies 
greatly after glutaraldehyde fixation (Behnke and Moe, 1964). 
In mouse, the early electron microscope study of Hally (1958) 
revealed a clear space around many granules. Later it was 
shown that there is an acid mucopolysaccharide capsule pres­
ent around the granule which consists of a neutral poly- 
saccharide-protein complex (Selzman and Liebelt, 1962). In 
the electron microscope, this appears as a finely granular 
material around the granule within a limiting membrane 
(Staley and Trier, 1965) and shows a positive reaction with 
colloidal iron for acid mucopolysaccharides (Spicer, Staley, 
Wetzel and Wetzel, 1967). The wide range of electron density 
of the capsule is due to different degrees of condensation. 
The expulsion of granules does not affect this appearance.
In Paneth cells of all species dense bodies were frequently 
observed containing myelinic figures (Hally, 1958; Trier, 
1963; Staley and Trier, 1965). These bodies in rat proved 
to be lysosomes (Behnke and Moe, 1964). Mitochondria are 
seen between cisternae of the endoplasmic reticulum.
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Centrioles were observed in Paneth cells of all species 
examined. The nucleus of Paneth cells is unremarkable. 
Differentiating Paneth cells can display at certain stages, 
strikingly straight cisternae of endoplasmic reticulum, 
which contain periodically striated material (Behnke and 
Moe, 1964)•
Argentaffin cells:
The most prominent feature of Kultschitzky cells are 
granules which appear to be concentrated in the basal port­
ion of the cell. These are membrane-bounded and variable 
in shape and density. The Golgi complex is supranuclear.
The process of granule formation and secretion remains to be 
elucidated, (Trier, 1963). The other cytoplasmic organelles 
are not remarkable.
The ultrastructural changes which occur in wandering 
cells in the epithelium has not received much attention. 
Lymphocytes were most frequently observed. A decreased 
number or organelles were seen in these cells (Andrew, 1965). 
However, the cells referred to in this study as lymphocytes 
in the lamina propria do not fit the generally accepted 
criteria for this cell type; the identity is left in doubt. 
The re-utilisation of lymphocyte DNA by the crypt epithel­




The fine structure of the lamina propria has scarcely 
been investigated. Most reports refer to this tissue as 
connective without emphasising its rather special character. 
Palay and Karlin (1959a) were the first to mention the com­
ponents of the lamina propria; since then only a few 
reports have appeared. Deane (1964) examined the lamina 
propria in mouse and noticed that its most remarkable char­
acteristic was its compact nature, with only sparse inter­
cellular material. Some cells present were not identified 
for certain because of the lack of characteristic features. 
The close apposition of plasma cells and macrophages was 
thought to suggest immunological interaction.
Behnke (1963b) demonstrated acid phosphatase activity 
in the dense granules of plasma cells and classified them as 
lyso some s.
A rather peculiar cell type seen in small intestinal 
and other mucous membranes is the globular leucocyte. The 
granules of this cell are believed to be characteristic 
(Kent, 1966), though the differentiation from mast cells 
can be difficult.
Blood capillaries in the lamina propria are of the 
fenestrated type (Palay and Karlin, 1959a; Bennett, Luft 
and Hampton, 1959). Their ultrastructure is similar to that 
of other capillaries of this type (Majno, 1965). The
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diaphragm of the fenestra was shown to consist of the outer 
layer of plasma membrane. This might be a result of the 
"collision" of caveolae with the plasma membrane (Luft, 1964; 
1965).
The endothelium of lymphatic capillaries has no fene­
strations and the basement membrane is poorly developed 
(Cas1ey-Smith, 1962; Palay and Karlin, 1959a) or absent
• i n  ii(Papp, Rohlich, Rusznyak and Toro, 1962). The arrangement
of cells is more irregular and sometimes gaps occur (Palay
and Karlin, 1959a; Cas1ey-Smith, 1962). However, in the cat
no gaps were seen even in distended intestinal lymphatics 
ii 11 11
(Papp, Rohlich, Rusznyak and Toro, 1962). It appears likely 
that processes of lymphatic endothelia act as valves during 
the intercellular passage of fat into the lumen in co­
operation with the action of smooth muscles. The intra­
cellular passage suggested by the presence of particles in 
caveolae seems to be of much less importance (Cas1ey-Smith, 
1962; Rubin, 1966).
The boundary of lymphoid tissue with the lamina propria 
is not sharply delineated. Its appearance suggests that 
migration of other cell types in addition to lymphocytes, 
occurs (Clark, Jr., 1963).
Only one short report concerning innervation of sub­
mucosal vessels is available (Devine, 1966).
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Tunica  m u s c u l a r i s :
Al though e l e c t r o n  mic roscop ic  o b s e r v a t i o n s  made on 
smooth muscle a re  not  i n f r e q u e n t ,  those  r e l a t i n g  to the 
small  i n t e s t i n e  a re  s p a r s e .  The shape of smo o t h mu s c l e  c e l l s  
was f i r s t  a p p r e c i a t e d  w i th  accuracy  wi th  the e l e c t r o n  m ic r o ­
scope.  In the  r e l a x e d  s t a t e ,  smooth muscle c e l l s  appear  
c y l i n d r i c a l  along the g r e a t e r  p a r t  of the l e n g t h ,  r a t h e r  than 
fu s i fo rm  (Rhodin,  1962; Lane,  1965).  Caveolae  and micro-  
p i n o c y t o t i c  v e s i c l e s  c h a r a c t e r i s t i c  of the  smooth muscle c e l l
a r e  seen ve ry  f r e q u e n t l y  in  the  i n t e s t i n e .  T h e i r  d i am e te r s  
o
a re  between 300A ( P r o s s e r ,  Burns tock  and Kahn, I960) and 
o
600A (Rhodin,  1962).  The caveo lae  were demons t r a t ed  to 
s e l e c t i v e l y  c o n t a in  s e v e r a l  d i p h o s p h a t a s e s  and t r i p h o s p h a t ­
ases  (Ros tgaard  and B a r r n e t t ,  1964).  Dense a r e a s  in  the 
cytoplasm,  i n t e r p r e t e d  as the  s i t e  of myofi lament  a t t a chm en t ,  
l i e  a d j a c en t  to segments of the  plasma membrane which a re  
f r e e  of p i n o c y t o t i c  v e s i c l e s .  In the  c o n t r a c t e d  s t a t e ,  i n  
t he se  a r e a s  i n v a g i n a t i o n s  a re  seen (Lane, 1965).  Ce l l  
o r g a n e l l e s  a re  c o n c e n t r a t e d  above the  p o l e s  of a n u c l e u s .
The endoplasmic r e t i c u l u m  is  spa r se  and the Golgi  complex 
i s  small  (Rhodin,  1962; Lane,  1965).  M i tochondr i a  a re  a l so  
p redom ina t e ly  seen in  t h i s  a r e a ,  but  a l s o  occur  in  r e l axed  
c e l l s  between myof i l aments .  The l o n g i t u d i n a l  o r i e n t a t i o n  
of  m i tochondr i a  in  r e l a x e d  c e l l s  d i s a p p e a r s  in  c o n t r a c t i o n .  
The nuc leus  changes i t s  con tou r s  and shape c o n s i d e ra b l y
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dur ing  c o n t r a c t i o n  and becomes deep ly  i n v a g i n a t e d .  Most of
the cytoplasm of the smooth muscle c e l l s  i s  f i l l e d  wi th
myof i l ament s .  Repor t s  concern ing  t h e i r  dimensions d i f f e r .
o
Rhodin (1962) gave a f i g u r e  80A whi le  Lane (1965) observed
o
myof i laments  w i th  two d i a m e t e r s ;  t h i n ,  w i th  a 20-30A d i a -
o
meter  and t h i c k ,  w i th  a d i a m e te r  of 50-60A. During c o n t r a c t ­
ion ,  t he  myof i laments  appeared to be more compact ly a r r anged  
in  d i s c r e t e  bund le s .  Dense a r e a s  between f i l a m e n t s ,  which 
a r e  probab ly  composed of n o n - c o n t r a c t i b l e  p r o t e i n ,  ( P r o s s e r ,  
Burns tock  and Kahn, I960) were seen in  c o n t r a c t e d  c e l l s  to 
be more numerous and longer  than under  r e l a x a t i o n  (Lane,
1965).
The i n t e r c e l l u l a r  r e l a t i o n s h i p s  of  i n t e s t i n a l  smooth 
muscle r e f l e c t  p h y s i o l o g i c a l  p r o p e r t i e s  such as low p rop-  
a g a t i o n a l  v e l o c i t y  and good c o n d u c t i v i t y .  The i n t e r c e l l u l a r  
space i s  r e l a t i v e l y  l a r g e  ( P r o s s e r ,  B urns tock  and Kahn,
I960; Lane and Rhodin,  1964b) and the  t i g h t  j u n c t i o n s  of 
plasma membranes d e s c r i b e d  as the  nexus (Dewey and B a r r ,
1962; 1964) a re  l e s s  f r e q u e n t  than in  m u l t i u n i t  smooth
muscle  t i s s u e  (Lane and Rhodin,  1964b).  Cytoplasmic  c o n n e c t ­
ions  between smooth muscle c e l l s  o r i g i n a l l y  r e p o r t e d  i n  the 
g a s t r o i n t e s t i n a l  t r a c t  (Thaemert ,  1959) were not  l a t e r  
conf i rmed by o t h e r  a u t h o r s .  The j u n c t i o n s  observed between 
c e l l  p r o c e s s e s  c o n s i s t  of  t i g h t  and i n t e r m e d i a t e  j u n c t i o n  
types  (Oosaki and I s h i i ,  1964).  E l sewhere ,  a l l  c e l l s  a re
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invested by a basement membrane. A looser arrangement of 
cells occurs in the muscularis mucosae, the only contacts 
being between long processes (Lane and Rhodin, 1964a).
Differencesin cellular interrelationships reflect the 
different functional properties of smooth muscle and are 
closely related to the pattern of innervation.
The early study established that the components of 
autonomic nerve plexuses in the intestinal wall are the same 
at various levels or organisation (Richardson, 1958). Inter­
stitial cells appear to be identical with perineural fibro­
blasts (Richardson, 1958; 1960; Rogers, Burnstock, 1966).
The close apposition between nerve fibres and smooth muscle 
cells is very rare, (Richardson, 1958; Lane and Rhodin,
1964b; Taxi, 1961). They consist of a simple apposition of
othe plasma membranes to a minimum distance of 150-180A (Lane 
and Rhodin, 1964b; Taxi, 1961; Rhodin, 1962; Thaemert, 
1963). Aggregates of "synaptic" vesicles and mitochondria 
occur in widened segments along the axons without relation 
to the points of apposition with smooth muscle cells. Nerve 
fibres in intestinal smooth muscle are sparsely scattered 
and consist of large aggregates of axons (Lane and Rhodin, 
1964b). It appears likely that axons form synapses "en 
passant" (Richardson, 1958; Taxi, 1961; Burnstock and 
Merrillees, 1964; Lane& Rhodin, 1964b) and that transmitters 
diffuse through the intercellular space.
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Tunica serosa:
There are a limited number of observations on mesothel- 
ium (see Rhodin, 1963). Special features of mesothelial 
cells are microvilli, pinocytotic vesicles and junctional 




T h e  a n i m a l s  e m p l o y e d  i n  t h i s  s t u d y  w e r e  e i t h e r  y o u n g  
a d u l t  New Z e a l a n d  w h i t e  r a b b i t s  w e i g h i n g  2 - 3  k g ,  o r  a d u l t  
a l b i n o  r a t s  w e i g h i n g  1 8 0 - 3 5 0  g ,  a s  s u p p l i e d  b y  t h e  a n i m a l  
b r e e d i n g  u n i t  o f  t h e  J o h n  C u r t i n  S c h o o l  o f  M e d i c a l  R e s e a r c h .  
A n i m a l s  o f  b o t h  s e x e s  w e r e  u s e d .  F o u r  a d u l t  g r e y  r a b b i t s  
w e r e  u s e d  f o r  c o m p a r i s o n .  T h e s e  a n i m a l s  w e r e  g i v e n  a s t a n ­
d a r d  l a b o r a t o r y  d i e t  and w a t e r  ad l i b i t u m .  T h e  a n i m a l s  w e r e  
s t a r v e d  b u t  n o t  d e p r i v e d  o f  w a t e r  f o r  t h e  l a s t  24  h o u r s  
b e f o r e  k i l l i n g *  No p r o v i s i o n  t o  p r e v e n t  c o p r o p h a g i a  w a s  
m a d e .  I n  r a b b i t s ,  m a t e r i a l  w a s  r e m o v e d  u n d e r  a n a e s t h e s i a ,  
c o n s i s t i n g  o f  t h e  i n t r a v e n o u s  i n j e c t i o n  o f  N e m b u t a l  ( 3 5  mg 
p e r  k g ) ,  s u p p l e m e n t e d  w i t h  e t h e r .  F o r  t h e  r a t s ,  a s h o r t  
e t h e r  a n a e s t h e s i a  w a s  u s e d .  Some  o f  t h e  a n i m a l s  w e r e  
k i l l e d  b y  c e r v i c a l  d i s l o c a t i o n  and m a t e r i a l  r e m o v e d  i mm e d ­
i a t e l y  a f t e r  d e a t h ,  i n  o r d e r  t o  a s c e r t a i n  w h e t h e r  a n a e s ­
t h e s i a  a f f e c t e d  t h e  s t r u c t u r e  o f  t h e  c e l l s .  T h i s  w a s  n o t  
s o .  A s e g m e n t  o f  t h e  u p p e r  i l e u m  a b o u t  l j  cm i n  l e n g t h  
w a s  r e m o v e d  t o g e t h e r  w i t h  an a d j a c e n t  s h o r t  s t r i p  o f  m e s e n ­
t e r y .  C a r e  w a s  t a k e n  t o  m i n i m i s e  m a n i p u l a t i o n  o f  t h e  i n t e s ­
t i n e  b e f o r e  r e m o v i n g  t h e  t i s s u e .  T h i s  s e g m e n t  w a s  i mm e d ­
i a t e l y  d i v i d e d  l e n g t h w a y s  and t h e  m e s e n t e r y  and a d j a c e n t  
i n t e s t i n a l  w a l l  d i s c a r d e d .  T h e  r e m a i n i n g  p o r t i o n  w a s  k e p t
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u n d e r  t h e  f i x a t i v e  f o r  2 m i n u t e s ,  a f t e r  w h i c h  t h e  c e n t r a l  
p o r t i o n  o f  t h e  t i s s u e  w a s  r e m o v e d  an d  m i n c e d  i n t o  c u b e s  
1 - 2  mm a c r o s s .  T h e s e  w e r e  t h e n  t r a n s f e r r e d  t o  f r e s h  f i x ­
a t i v e  f o r  5 - 2 0  h o u r s ,  u s u a l l y  11 h o u r s .  I n  m o s t  c a s e s ,  t h e  
f i x a t i v e  c o n s i s t e d  o f  a 2 . 5% s o l u t i o n  o f  g l u t a r a l d e h y d e , 
b u f f e r e d  w i t h  0 . 1  M s o d i u m  p h o s p h a t e  a t  pH 7 . 3 ,  ( S a b a t i n i ,  
B e n s c h  and B a r r n e t t ,  1 9 6 3 ;  S a b a t i n i ,  M i l l e r  an d  B a r r n e t t ,  
1 9 6 4 ) .  I n  a b o u t  j r d  o f  t h e  c a s e s ,  t h e  f i x a t i v e  c o n s i s t e d  
o f  5% g l u t a r a l d e h y d e  i n  0 . 0 5  M c a c o d y l a t e  b u f f e r .  F i x a t i o n  
b e g a n  a t  r oom t e m p e r a t u r e  and w a s  c o n t i n u e d  a t  2 - 4 ° C .  T h e  
t i s s u e  b l o c k s  w e r e  t h e n  w a s h e d  f o r  2 - 4  h o u r s  i n  0 . 2  M 
s u c r o s e ,  b u f f e r e d  i d e n t i c a l l y  w i t h  t h e  f i x a t i v e ,  w h i c h  w a s  
c h a n g e d  4 t i m e s .  A f t e r  w a s h i n g ,  t h e  m a t e r i a l  w a s  p o s t -  
f i x e d  i n  2% o s m i u m  t e t r o x i d e ,  b u f f e r e d  w i t h  v e r o n a l  a c e t a t e  
a t  pH 7 . 3  w i t h  s u c r o s e  a d d e d  ( C a u l f i e l d ,  1 9 5 7 ) .  T h e  f i x ­
a t i o n  t i m e  w a s  4 h o u r s ,  D u r i n g  t h e  l a s t  3 0  m i n u t e s  o f  
f i x a t i o n ,  t h e  v i a l s  c o n t a i n i n g  t h e  m a t e r i a l  w e r e  l e f t  a t  
r o o m  t e m p e r a t u r e .  A f t e r  a s h o r t  r i n s e  w i t h  t a p  w a t e r ,  t h e  
t i s s u e  w a s  d e h y d r a t e d  i n  a g r a d e d  e t h a n o l  s e r i e s .
The  f o l l o w i n g  s c h e d u l e  w a s  u s e d  d u r i n g  i n f i l t r a t i o n :  
a b s o l u t e  e t h a n o l :  4 c h a n g e s  o f  3 0  m i n s ,  e a c h
p r o p y l e n e  o x i d e :  2 c h a n g e s  o f  30  m i n s ,  e a c h
p r o p y l e n e  o x i d e / a r a l d i t e ,




2: 5i i i i
1 - 2  h o u r s  
2 h o u r  s .
a r a l d i t e :  1 3 - 1 5  h o u r s ,  a t  r oom t e m p e r a t u r e
f r e s h l y - p r e p a r e d
a r a l d i t e :  1 h o u r  a t  60  C •
CIBA a r a l d i t e  w a s  u s e d .  T h i s  w a s  h a r d e n e d  at 6 0 °C f o r  3 
d a y s  •
1 - 2  u  t h i c k  s e c t i o n s  w e r e  c u t  u s i n g  an LKB U l t r o - t o m e  
o r  R e i c h e r t  OMU-2 u l t r a m i c r o t o m e  and  g l a s s  k n i v e s .  T h e s e  
w e r e  s t a i n e d  w i t h  a l k a l i n e  1% t o l u i d i n e  b l u e  i n  1% b o r a x  
s o l u t i o n  and  e x a m i n e d  u n d e r  t h e  l i g h t  m i c r o s c o p e  f o r  
p u r p o s e s  o f  o r i e n t a t i o n .  T h i n  s e c t i o n s  w h i c h  a p p e a r e d  g r e y  
t o  g o l d  b y  r e f l e c t e d  l i g h t  w e r e  c u t  f r o m  s e l e c t e d  a r e a s  
u s i n g  g l a s s  k n i v e s  o n  t h e  s ame  u l t r a m i c r o t o m e s .  T h e  s e c t ­
i o n s  w e r e  p i c k e d  up  o n  l O O - m e s h  p a r l o d i o n - c a r b o n  c o a t e d  
o r  4 0 0  m e s h  u n c o a t e d  g r i d s  a n d  s t a i n e d  i n  a s a t u r a t e d  s o l ­
u t i o n  o f  u r a n y l  a c e t a t e  i n  50% e t h a n o l ,  f o l l o w e d  by  
u n d i l u t e d  l e a d  c i t r a t e  ( R e y n o l d s ,  1 9 6 3 ) ,  A S i e m e n s  
E l m i s k o p  I e l e c t r o n  m i c r o s c o p e ,  o p e r a t e d  a t  8 0  kV o r  
P h i l l i p s  EM 2 0 0  e l e c t r o n  m i c r o s c o p e ,  o p e r a t e d  a t  60  kV w e r e  
u s e d  t o  e x a m i n e  t h e  s e c t i o n s .  B o t h  i n s t r u m e n t s  w e r e  o p e r ­
a t e d  w i t h  a d o u b l e  c o n d e n s e r  l e n s  and  2 0 0  u c o n d e n s e r  and  
3 0  o r  5 0  u  o b j e c t i v e  a p e r t u r e s .  Th e  e l e c t r o n  m i c r o g r a p h s  
w e r e  t a k e n  o n  I l f o r d  N . 5 0  p l a t e s ,  w h i c h  w e r e  d e v e l o p e d  i n  
K o d a k  D - 8  d e v e l o p e r .
E v a l u a t i o n  o f  m e t h o d s :
T h e  m e t h o d  o f  d o u b l e  f i x a t i o n  w a s  u s e d  f o r  a n u m b e r  o f  
r e a s o n s .  T h e  maximum a v a i l a b l e  p r e s e r v a t i o n  o f  s t r u c t u r e
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is given by this technique (Pease, 1964), Furthermore, the 
results of double fixation are less influenced by factors, 
like buffer composition and duration of fixation, the 
effect of which is apparent in single osmium fixation 
(Trump and Ericsson, 1965; Wood and Luft, 1965). The 
greater flexibility associated with the use of glutaralde- 
hyde for prefixation also makes it useful in the processing 
of clinical material, hence it was felt that the study of 
animal tissues prepared in this way would provide a basis 
of comparison. Few artifacts are caused by glutaraldehyde 
prefixation. In some places, cellular shrinkage is seen 
with the formation of wide intercellular spaces which con­
tain irregular membranous profiles or small myelinic fig­
ures. Some of the shrunken cells also showed disruption of 
the plasma membrane. Interestingly enough, the rabbit gut 
was consistently more prone to shrinkage than that of the 
rat. The internal structure of some mitochondria was 
extracted but the defect was usually local. Both matrix 
and inner mitochondrial membranes were affected. The outer 
membrane occasionally burst. Usually an irregular membran­
ous profile formed in the site of the defect. This indic­
ates the imperfect stabilisation of membrane lipids by 
glutaraldehyde treatment prior to osmium tetroxide post 
fixation. The same explanation applies to the membrane- 
layer sometimes seen to cover the cleft-like tears which
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are encountered in some cells. These artifacts were in 
most cases readily recognisable though they presented some 
interpretative problems in cases where they were combined 
with mitochondrial swelling.
The findings described in Chapter 3 and 4 are based 
on the study of 15 rats and lO rabbits.
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CHAPTER 3
FINE STRUCTURE OF LAMINA PROPRIA MUCOSAE 
General  F e a t u r e s :
Lamina p r o p r i a  i s  a r a t h e r  s p e c i a l  type of mesenchymal 
t i s s u e .  The main purpose  of  t h i s  s tudy was to examine the  
f e a t u r e s  which c h a r a c t e r i s e  t h i s  r e g i o n  and to d e t e rm ine  the 
l i m i t s  of s t r u c t u r a l  v a r i a t i o n .  E l e c t r o n  m ic roscop ic  
i n v e s t i g a t i o n  of the lamina p r o p r i a  r e v e a l s  c e r t a i n  d i f f e r ­
ences in  the  p r o p o r t i o n  of t i s sue -componen t s  a t  d i f f e r e n t  
l e v e l s  in  t h i s  l a y e r .  The t y p i c a l  f e a t u r e s  a r e  shown in  t h e  
v i l l u s  core  and around the l a t e r a l  w a l l s  of  the c ryp t  wh i l e  
a t  the base  the c h a r a c t e r i s t i c  compact arrangement  of t i s s u e  
i s  l e s s  a p p a r en t .  The c e l l u l a r i t y  of  the lamina p r o p r i a  
i s  b e s t  a p p r e c i a t e d  in  low-power micrographs  (Figs, 1 ; 2 ) .  
These show the h e t e r o g e n i t y  of the  t i s s u e .  Some c e l l s  a re  
seen i n  c lo s e  c o n t a c t ,  e lsewhere  t h e r e  i s  an i n t e r s t i t i a l  
space c o n t a i n i n g  small  amounts of c o l l a g e n .  In  p l a c e s  the 
c e l l  p r o c e s s e s  occur  in  small  groups .  In F i g .  1 s p l i t - l i k e  
spaces a re  seen between some c e l l s .  These are thought  to 
be due to g l u t a r a ld e h y d e  p r e - f i x a t i o n  and appear  to be 
more f r eq u en t  in  the  r a b b i t  i n t e s t i n e .  At the  l e v e l  o f  the 
v i l l u s  core  the number of  c o l l a g e n  f i b r e s  seems to be 
s l i g h t l y  h ig h e r  in  r a b b i t  than in  r a t .  Smooth muscle c e l l s  
almost  i n v a r i a b l y  occupy the c e n t r a l  p o r t i o n  of  the lamina
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p r o p r i a  r e g a r d l e s s  of t h e i r  r e l a t i o n  to the  c e n t r a l  l a c t e a l  
which i s  not  always c l o s e .  Where smooth muscle c e l l s  occur  
i n  a more l a t e r a l  p o s i t i o n  they a re  i n v a r i a b l y  found c l o s e  
to the p e r i p h e r y  of  the l a c t e a l .  Smooth muscle c e l l s  were 
never  seen immediate ly  benea th  the  e p i t h e l i a l  basement 
membrane. Non-myel ina ted nerve  f i b r e s  occur  f a i r l y  f r e ­
q u e n t l y  but  though c o n s t a n t l y ,  a r e  not  c l o s e l y  a s s o c i a t e d  
w i t h  the smooth muscle c e l l s .
U n d i f f e r e n t i a t e d  c e l l s :
U n d i f f e r e n t i a t e d  c e l l s  form a minor p r o p o r t i o n  of the  
c e l l  p o p u l a t i o n  and d i f f e r  in  appearance  to some e x t e n t  
among themse lves .  The sma l l e r  of t hese  c e l l s  a r e  seen to 
occur  more f r e q u e n t l y  in  the lower p o r t i o n  of t h e  lamina 
p r o p r i a  and a re  u s u a l l y  s l i g h t l y  e longa ted  ( F ig .  3 ) ,  and 
approx ima te ly  lO u long.  The o u t e r  c e l l  s u r f a c e  i s  smooth 
w i th  o c c a s i o n a l  minute p r o c e s s e s .  The cytoplasm i s  of  
medium d e n s i t y  and c o n t a i n s  a modera te  amount of r ibosomes ,  
u s u a l l y  a s s o c i a t e d  to form small  r o s e t t e s .  A few s h o r t  
p r o f i l e s  of  g r a n u l a r  endoplasmic r e t i c u lu m  a re  p r e s e n t .
Small  m i to c h o n d r i a  which are  not  numerous occur  t o g e t h e r  
w i th  endoplasmic r e t i c u l u m  in  the cytoplasm above the po l e  
of  the n u c l e u s .  In most c e l l s ,  a Golgi  complex was no t  
inc luded  in  the p lane  of s e c t i o n .  Dense bod ie s  a re  u s u a l l y  
p r e s e n t  in  small  numbers.  The n u c l e i  have a wavy con tour  
and r evea l  p e r i p h e r a l  co n d e n sa t i o n s  of the  chromat in .  These
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elements are classified as reticulum cells. Larger undiff­
erentiated cells are more numerous than small ones. They 
are of an elongated or irregular stellate shape. The ecto­
plasmic layer, which forms processes is more prominent (Fig. 
4). Mitochondria and endoplasmic reticulum are more numerous 
and very frequently concentrated in the perinuclear cyto­
plasm near the nuclear poles (Figs. 4; 5). The mitochondria
vary in dimension and shape in individual cells; elongated 
forms are frequent. The Golgi complex is well developed 
(Fig. 5). The nuclei are elongated with frequent undulat­
ions or indentations of the membrane. Chromatin is present 
in moderate amounts. Nucleoli are large (Figs. 4; 5).
Many cell types have an appearance intermediate between 
small and large cells.
Some cells lacking definite signs of differentiation 
contain additional features which warrant their separate 
characterisation (Fig. 6). These cells are generally larger 
than those previously described, possessing diameters which 
vary between 8-16 u. The shape and surface is irregular 
with frequent broad-based processes. These cells may be 
in close contact with others but more frequently they tend 
to be isolated, mainly in areas rich in collagen fibrils.
The cytoplasmic organelles, especially mitochondria, are 
rather sparse. Several bodies of very high electron density 
and irregular shape are present in the cytoplasm. The size
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varies between several thousand A units to one u. The 
smaller bodies appear homogeneous although electron density 
obscures the internal structure. The larger inclusions are 
characteristically heterogenous and can be classified as 
phagosomes or phagolysosomes. With increasing numbers of 
dense bodies, cells acquire a more characteristic appear­
ance (Fig. 7). The layer of ectoplasm which is free of 
organelles, with the exception of sparse ribosomal rosettes, 
is more prominent. Multiple stacks of Golgi cisternae are 
present; the most prominent feature is the profusion of 
Golgi vesicles which are concentrated in large areas of the
cytoplasm. These vesicles are either elongated or rounded;
othe latter are 400-1000A in diameter, and many show a dense 
coating of the membrane. Some of the elongated vesicles 
are totally occupied completely by homogeneous material of 
high electron density and there appears to be a fairly grad­
ual transition between these and larger dense bodies. The 
largest bodies are, however, non-homogeneoua. The rough 
endoplasmic reticulum occasionally forms flat, short, cist­
ernae, These tend to be longer and more numerous along the 
border with the ectoplasm. The nucleus is elongated or in 
many instances, deeply indented and the peripheral concen­
tration of chromatin is seen in a slight to medium degree 
only.
These cells can be labelled as histiocytes or macrophages
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without attempting further classification of their origin.
The appearance of inclusions thought to have a phago- 
cytotic origin is variable, but the internal components are 
essentially the same. When rat and rabbit are compared, it 
is seen that, in the rabbit, the larger inclusions are more 
numerous and tend to have a more complex internal structure 
The size of the inclusions, which have irregularly rounded 
or ovoid shapes, varies from about 0.5 u to more than 8 u. 
Only in some instances are limiting memhranes demonstrated, 
while at other times they are obscured by section geometry 
and internal density. Non-homogeneous inclusions (Fig. 8) 
consist of coarse granules and electron dense droplets 
about 50-380m u in diameter. The largest of these droplets 
are irregularly extracted during processing. Further com­
ponents formed by stacked segments of membranes (Fig. 8) 
are in most instances localised preferentially at the peri­
phery of the inclusion. Each segment is formed by 3 dense
olayers, each about 30A in width. The central dense layer i
always more electron dense and is separated from those on
oeither side by a clear interspace about 20-25A wide. The
matrix of the inclusion is usually more homogeneous in the
rabbit (Fig. 9). Cylindrical formations appear frequently
in cross-section as discs, formed by alternating electron
odense and lucent layers about 20Ä in width. Some of these 
concentric layers show a looser arrangement. In this case,
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o2 dense layers, each about 40A in width, are separated by
oa clear intermediate layer of about 20A. Smaller, more 
regularly shaped inclusions may be formed by membranes 
arranged in an irregular concentric fashion (Fig. 9 insert).
In some cases, the matrix surrounding the membranes is 
partially extracted. Other inclusions seen only in the rat 
macrophages, are formed by electron dense coarse ill-defined 
granules which form irregular clumps or reticulated form­
ations in an electron-lucent space, limited by a membrane.
The topography of inclusions within the cell is variable.
They occur mostly in cell processes, but in some cases may 
be found in the proximity of the Golgi complex.
Some cells which are free of phagocytic inclusions show 
in comparison with previously described types increased 
numbers of ribosomes and granular endoplasmic reticulum 
(Fig. 10a). The surface of these cells is extensively folded 
forming a great number of short pseudopods, which are often 
connected with the cytoplasm only by narrow necks. In the 
cytoplasm are seen numerous free ribosomes mostly arranged 
into small groups and narrow cisternae of granular endo­
plasmic reticulum which lack orderly arrangement. Dense 
bodies or cytosomes are fairly numerous. The nucleus con­
tains a moderate amount of chromatin with peripheral con­
centration. There are many areas of the lamina propria 
within the villous core which consist only of interdigitated
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p r o c e s s e s  (Fig .  l i b ) .  These u s u a l l y  c o n t a i n  only  f r e e  r i b ­
osomes, but  o c c a s i o n a l l y  s h o r t  c i s t e r n a e  of  rough endoplasmic 
r e t i c u l u m .  The plasma membranes of t h e s e  p r o c e s s e s  e x h i b i t  
a f a i r l y  s t r a i g h t  course ,  and a r e  p a r a l l e l  a long some seg­
ments of the p e r i m e t e r ,  in  which the i n t e r c e l l u l a r  gap o f t e n
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narrows to 80-120A. No j u n c t i o n a l  complexes were found in 
t h e s e  a r e a s .  Some of t hese  p r o c e s s e s  a re  l a r g e  and c o n t a in  
o c cas iona l  mi tochondr i a .  In such l a r g e r  p r o c e s s e s ,  the 
cy top lasmic  m a t r ix  has a low e l e c t r o n  d e n s i t y  ( F ig .  12),
Many l a r g e r  c e l l s  w i th in  the  lamina p r o p r i a  show an 
i n c r e a s e  in  rough sur faced  endoplasmic r e t i c u lu m  (Fig .  13),  
wh i l e  o t h e r  f e a t u r e s  remain s i m i l a r  to those  d e s c r i b e d  above. 
The c i s t e r n a e  r each  c o n s i d e r a b l e  l e n g t h  and show s igns  of 
o r d e r l y  arrangement  in  p a r a l l e l  or  c o n c e n t r i c  fo rm a t io n s ,  
which sur round a r e a s  c o n t a in i n g  dense b o d i e s  and coated  
v e s i c l e s .  The Golgi  complex i s  ve ry  w e l l  deve loped (not  shown 
in  F ig .  13),  ma in ly  in  i t s  v e s i c u l a r  component.  In F ig .  13 
i s  seen a p e c u l i a r  s t r u c t u r e ,  s eve ra l  t imes  encountered  in  
these  c e l l s :  a small  e longa ted  a r ea  of cy top lasm,  surrounded
by a few smooth membranes so t h a t  i t  may seem s e q u e s t r a t e d  
i n  the p l ane  of  s e c t i o n .  In  o t h e r  i n s t a n c e s ,  however,  t h e r e  
a re  t h i n  b r i d g e s  of cytoplasm between the  membranes. The 
s i g n i f i c a n c e  of  t h i s  s t r u c t u r e  i s  unknown. These c e l l s  a re  
thought  to r e p r e s e n t  developmental  s t a g e s  in  the  format ion  
of  plasma c e l l s .
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Piasma cells:
Plasma cells are very numerous in the lamina propria.
They are seen quite frequently in a group consisting of a 
few cells in close proximity to one another, (Figs. 14; 17).
The fine structure of plasma cells is well known and only 
additional features are described here. The cells differ 
in the degree of dilatation of cisternae of endoplasmic 
reticulum (Fig. 14). In a few cases, the cisternae show 
only moderate dilatation, so that the cross-sectional area 
of the ground cytoplasm exceeds that of the cisternae. In 
most instances, however, the opposite is the case, and then 
the orientation and degree of dilatation is rather irreg­
ular in a given plane of section. After glutaraldehyde 
prefixation, the contents of the cisternae are seen to be 
finely granular and more electron dense than the ground 
cytoplasm (Figs. 15; 17). The Golgi complex is particul­
arly wel1-developed in plasma cells (Fig. 15). The cisternae 
of the endoplasmic reticulum are seen in close proximity 
to the elements of the Golgi complex, and some appear as 
vesicular profiles. The transitional zone between both
organelles is occupied by small vesicles of rather irregular
oshape, about 400-600A in diameter. The content of Golgi 
cisternae is more electron dense than that of the ergasto- 
plasm. Further vesicles, many of which are coated, occupy 
the area between the stacks of cisternae. Some vesicles
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appear to be in the process of pinching off the cisternae 
or fusing with the electron dense granules seen mostly in 
this area (Fig. 15). The granules which are bounded by 
unit membranes are rounded or oval and about 200-300m u in 
diameter. The orientation of the Golgi complexes is fre­
quently rather irregular. Occasionally a more polarized 
arrangement is seen, with a stack of Golgi cisternae flanked 
on one side by endoplasmic reticulum and coated vesicles 
on the other. Occasionally, Golgi cisternae are arranged 
in a concentric fashion instead of in stacks.
Some plasma cells exhibit an enormous dilatation of 
cisternae of the endoplasmic reticulum, which form either 
single or multiple sacs, containing a moderately dense 
homogeneous material.
No signs of discharge of secretory products by the 
plasma cell were seen. Sometimes the plasma membrane forms 
caveolae with a dense coating of membrane.
Lymphocytic series:
The cells which are identified as members of this series 
show features varying between lymphoblasts and small lympho­
cytes (Figs. 11; 12; 16; 17). The main characteristics
appears to be the increased concentration of chromatin and 
grouping of sparse cytoplasmic organelles close to nuclear 
indentations. Mitochondria are large. The number of ribo­
somes varied being usually greater in the smaller forms of
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lymphocytes. The cell surface was rather uneven, even in 
places where this does not seem to be determined by close 
apposition to other cells.
"Clear fibrob1 ast-1ike" cells;
Clear fibroblast-1ike cells occur frequently in the 
lamina propria and although varying in size and shape, 
exhibit characteristic features which seem to justify their 
identification as a cell type which has not been described 
in reports published so far. The cells are elongated in 
shape, and frequently form long, rather flat processes (Fig. 
18), which may reach about lO u in length. The plasma mem­
brane is undulating in places and forms deep, narrow invag­
inations which circumscribe pseudopod-1ike lobes of cyto­
plasm (Fig. 19). Occasionally caveolae are seen with dense 
membrane coating and pinocytotic vesicles about lOOm u in 
diameter. The ground cytoplasm shows, characteristically, a 
very low electron density which is usually in striking con­
trast with neighbouring cells (Figs. 18; 17). Many areas
of the cytoplasm have an "empty" appearance. These are
otraversed by well-defined filaments, 50-80A in diameter 
which are of low electron density, (Figs. 20a; 20b). In
the superficial layer of the cytoplasm, similar filaments 
may be concentrated (Fig. 20b). Finely precipitated sub­
stance forms a cytoplasmic background in other areas. This 
is also slightly concentrated in the superficial layer. The
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endoplasmic r e t i c u lu m  has  a q u i t e  c h a r a c t e r i s t i c  appearance  
of i r r e g u l a r  voluminous sacs ( F i g s .  18; 19; 20a) w i th
f r equen t  i n v a g i n a t i o n s  of the ground cytoplasm.  The r i b o ­
somes cove r ing  the  membranes a re  d i s t r i b u t e d  ve ry  even ly .
The p e r i n u c l e a r  c i s t e r n a  forms f r e q u e n t  sacs  which commun­
i c a t e  w i th  those  in  the  cytoplasm.  Some f r e e  r ibosomes form 
r o s e t t e s  in  the ground cytoplasm.  Mi tochondr i a ,  which a r e  
i n f r e q u e n t ,  a re  unevenly  d i s t r i b u t e d .  They a r e  rounded,  
measur ing 0 . 3 - 0 . 6  u ,  wi th  t r a n s v e r s e  or  curved c r i s t a e .
A c o n s t a n t  f e a t u r e  i s  the m o t t l ed  appearance  of  the m a t r i x ,  
which i s  modera te ly  dense ( F i g s .  17; 19; 2 0 a ) . The Golgi
complex i s  ve ry  wel l  developed and m u l t i p l e  s t a c k s  of i r r e g ­
u l a r  c i s t e r n a e  (F i g s .  18; 19; 20b) a r e  sur rounded by many
v e s i c l e s ,  some of which a re  c o a t e d .  The Golgi  complex i s  
sometimes seen in  a s u p e r f i c i a l  l o c a t i o n  (F ig .  2 0b ) . Few 
i r r e g u l a r  cytosomes or  very  r a r e l y  small  m ye l in i c  f i g u r e s  
a re  p r e s e n t ,  u s u a l l y  wi thout  r e l a t i o n  to the Golgi complex. 
O c c a s i o n a l l y  a c e n t r i o l e  i s  inc luded  in  the  p lane  of  s e c t i o n  
in  a few c e l l s  t imes a t y p i c a l  c i l i u m  was obse rved .  The 
nuc leus  c o n ta i n s  a moderate amount of chromat in ,  which shows 
a marked p e r i p h e r a l  c o n c e n t r a t i o n  ( F i g s .  18; 2 0 a ) .
In some c e l l s  only a t h i n  r im of cytoplasm was observed 
sur rounding  a nuc leus  (F ig .  lOb) . In t he se  i n s t a n c e s ,  c y t o ­
plasm forms a shor t  p rocess  above the  nuc l eus  which is
occupied by an expansion of p e r i n u c l e a r  c i s t e r n a .  I t  i s
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difficult to decide whether such an appearance is due to the 
plane of section or to a true reduction of cytoplasmic vol­
ume.
The character, location and relationship of this type 
of cell shows no consistent differences in both species 
examined. In the villus core the most common localisation 
is immediately beneath the epithelium (Figs. 17; 18),
while at lower levels of the lamina propria these cells 
occur at random. Clear cells may be seen in close relation 
to other cell types present in the lamina propria; the gap
obetween the plasma membranes is in some cases, only 100-200A 
in width. Plasma, smooth muscle, reticulum, mast cells and 
eosinophils are the most frequent examples of such neigh­
bours. Some portions of the clear-cell plasma membrane, 
however, face intercellular spaces (Figs. 18; 20b) which
contain an ill-defined substance of mottled appearance with 
collagen fibrils. This is particularly the case beneath 
the epithelial basement membrane. Rarely, the condensation 
of extracellular ground substance along the plasmalemma 
gives an impression of a rudimentary basement membrane. This 
is, however, always incomplete and the layer is very poorly 
defined. Oblique or tangenial sections of the cell reveal 
in some instances bundles of thin filaments applied to the 
cell surface which encroach upon the intercellular space.
The apparent continuation into the cytoplasm is most likely
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to be a r e s u l t  of s e c t i o n  geometry.  Some p r o c e s s e s  of 
c l e a r  c e l l s  abut  on a t h i n  l a y e r  of c o n n e c t iv e  t i s s u e  around 
the c a p i l l a r i e s  (F ig .  18).
F i b r o b l a s t s :
F i b r o b l a s t s  form a minor p r o p o r t i o n  of  the c e l l s  in  the 
lamina p r o p r i a ,  though they i n c r e a s e  in  number towards the 
base  of  the mucosa.  The shape in  most cases  i s  i r r e g u l a r  
and the o u t l i n e s  a re  s t e l l a t e ,  owing to narrow p r o c e s s e s  
which p r o j e c t  between the o t h e r  c e l l s .  Beneath  the  e p i t h ­
el ium the c e l l s  appear  to be e longa ted  i n  s e c t i o n  (F ig .
14) .  Most of  the p r o c e s s e s  a r e  seen to be su r rounding  the  
c r y p t s  ( F i g s .  21a; 21b) or  c l o s e  to lymphat ics  ( F i g s .  5;
27a) .  F i b r o b l a s t s  in  the lamina p r o p r i a  have s i m i l a r  c h a r ­
a c t e r i s t i c s  to those  d e s c r i b e d  e l sewhere  ( P o r t e r ,  1964;
Movat and Fernando,  1962a; Chapman, 1962); i . e .  dense  
cy top lasmic  m a t r i x ,  e x t e n s i v e  endoplasmic r e t i c u l u m  wi th  
s inous  c i s t e r n a e  and a w e l 1-deve loped  Golgi  complex.  Nucle i  
may be i r r e g u l a r  in  o u t l i n e  and i n  such i n s t a n c e s  p e r i p h e r a l  
c o n c e n t r a t i o n  of chromat in  i s  more p rominen t .  Cytoplasmic  
p ro c e s s e s  c o n t a i n  few small  m i to c h o n d r i a  and e longa ted  
channe l s  of rough endoplasmic r e t i c u l u m  which c o n t a in  mat ­
e r i a l  of medium e l e c t r o n  d e n s i t y  (F ig .  21b) .  The cytoplasm
i s  in  s u p e r f i c i a l  a r eas  of the p r o c e s s e s  occupied by f i n e
o
f i l a m e n t s  approximate ly  40-80A in  d i am e te r  and shows i n d i s ­
t i n c t  a r e a s  of  d e n s i t y ,  benea th  the plasma membrane (F igs
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21a; 21b). In places, groups of caveolae or pinocytotic
o
vesicles are present, approximately 800-1,OOOA in diameter 
(Figs. 21b; 50d). The tapering ends of processes are,
with the exception of vesicles, free of organelles. Fila­
ments in the ground cytoplasm appear more concentrated and 
less distinct (Fig. 21a). Cell processes frequently over­
lap and in some places both plasma membranes are parallel
and the intercellular gap is reduced to a width of approx- 
o _imately 200A. In these areas there is an increased density 
of the plasma membrane and of the intercellular gap. In a 
few cases, a disc identical to the intercellular contact 
layer of desmosomes was found (Fig. 21a insert). Areas of 
cytoplasmic density beneath the plasma membrane sometimes 
abut on a wide intercellular space, where there may be a 
fibrillar structure in the extracellular space running par­
allel to the plasma membrane (Figs. 21a; 21b at arrows).
Although there is some resemblance, the fibroblast 
processes differ from the processes of smooth muscle cells. 
They have no basement membrane; pinocytotic vesicles are 
less frequent and irregularly distributed. Filaments occur 
unevenly and are less clearly defined. Finally, there is a 
well developed endoplasmic reticulum.
Smooth muscle cells:
The appearance of smooth muscle cells in the lamina 
propria corresponds to descriptions of these cells in tunica
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muscularis, which were reviewed in Chapter 1. They form dis­
crete bundles near the lacteal vessels (e.g. Fig. l). At 
the base of the lamina propria, they appear to be continuous 
with muscularis mucosae. The cells in these bundles and 
and within the muscularis mucosae are loosely arranged. Few 
smooth muscle cells are seen in the neighbourhood of blood 
capillaries (Fig. 22a) or venules.
Little difference in the appearance of smooth muscle 
cells is seen in the lamina propria. A few isolated cells
show tongue-like processes containing pinocytotic vesicles
o
approximately 500-1,OOOA in diameter (Fig. 22a). These
processes alternate with invaginations of the plasma membrane
in which there are no pinocytotic vesicles. The dense areas
close to the plasma membrane do not exactly correspond to
these invaginated areas and are seen less distinctly in the
processes. It is difficult to decide whether this appearance
is due to the contraction of isolated cells. Cells which
are loosely arranged in bundles form small finger-like
processes (Fig. 24 ). These usually make contact with
those of neighbouring cells or end without any connections
in the extracellular space. Pinocytotic vesicles occur
oirregularly and their diameters vary between 650-1,lOOA.
Few bundles derived from the muscularis mucosae were seen to 
follow the course of lymphatic vessels in the submucosa
(Fig. 24) and then to spread over the inner aspect of the
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muscularis propria. In such cases, smooth muscle cells 
derived from muscularis mucosae were more electron dense 
but did not show an appreciable difference in the degree of 
contraction (Fig. 28c). Slight differences in electron 
density of smooth muscle cells are frequently observed within 
the lamina propria (e.g. Fig. 14). These variations are due 
to the differences in the number of myofilaments. There is 
a focal absence of myofilaments in areas adjacent to the 
plasma membrane. A rarely seen manifestation of exaggeration 
of this change is seen in Fig. 22b. Some myofilaments are 
preserved close to the periphery of the cell showing dense 
areas next to the plasma membrane. The interior of the cell 
is occupied by a finely precipitated substance with few 
vesicles, ribosomes and mitochondria. In smooth muscle 
cells of the muscularis mucosae these filament variations 
in density occurred more rarely than within the lamina prop­
ria. The association of cells remains loose (Figs. 23; 24)
and the appearance of a definitive layer is due more to the 
confinement of a few bundles than to a compact arrangement 
(Fig. 23). Frequently, but not invariably, dense areas 
subjacent to the plasma membrane are found over a greater 
proportion of the cell surface (Fig. 23). The intercellular 
contacts remain confined to processes.
Nerve fibres:
As mentioned in the general description, almost all nerve
7 5 .
f i b r e s  in  the lamina p r o p r i a  were seen in  a s s o c i a t i o n  wi th  
smooth muscle c e l l s  or  small  b lood v e s s e l s .  Th i s  a s s o c i a t ­
ion does not  imply a c l o s e  c on t a c t  but  r a t h e r  a p rox imi ty  
of  bo th  s t r u c t u r e s .  In some i n s t a n c e s ,  t h i n  p r o c e s s e s  of 
c e l l s ,  which be long to f i b r o b l a s t s  o r  e x t r a c e l l u l a r  t i s s u e s  
i n t e r v e n e  between both  s t r u c t u r e s ,  wh i l e  more f r e q u e n t l y  
the a s s o c i a t i o n  i s  c l o s e r  (F ig .  5 ) .  Schwann c e l l  p r o c e s s e s  
were i d e n t i f i e d  only r a r e l y .  With a few e x c e p t i o n s ,  t h e r e  
was not  any- c lo s e  c o n t a c t  between nerve  f i b r e s  and o t h e r  
s t r u c t u r e s  in  which the basement membrane was m i s s i n g .  The 
d i a m e te r  of nerve  c e l l  p r o c e s s e s  w i t h i n  a f i b r e  i s  v a r i a b l e  
( F i g s .  25b; 25c) ranging  between 170m u and 700m u.  Some
p r o f i l e s  of g r e a t e r  d iame te r  appear  to be a foca l  e n l a r g e ­
ment of  sma l l e r  p r o c e s s e s .  These can be i d e n t i f i e d  as axons 
w i t h  n e u r o tu b u le s  (F ig .  25c) .  There i s  no r e l a t i o n s h i p  
between f i b r e  d i amete r  and any components such as " s y n a p t i c "  
v e s s i c l e s  ( c f .  F i g s .  25b; 25c) .  The d en se -co red  o r  g r a n u l a r
v a r i e t y  of  synap t i c  v e s i c l e  appears  to be w ide - sp read  in  
d i s t r i b u t i o n  and occurs  wi thou t  obvious r e g u l a r i t y .  The
shape of these  v e s i c l e s  i s  most f r e q u e n t l y  o v a l ,  the sma l l e r
o
d ia m e t e r s  ranging between 700-900A and in  extreme c a s e s ,
o
r e a ch i n g  approximate ly  l,2O0A. The membrane sur rounding  the
dense  core i s  f r e q u e n t l y  inc o m p le t e ly  p r e s e r v e d .  The agran-
o
u l a r  v e s i c l e s  of d i ame te r s  400-550A are  seen in  aggrega te s
(F i g .  25d) of d i f f e r e n t  s i z e s .  These c o n t a in  a minor p rop­
o r t i o n  of l a r g e r  g r a n u l a r  v e s i c l e s ,  which occur  i n t e r s p e r s e d .
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Rarely, recognisable junctions between individual processes 
within a fibre were found and consisted of an electron-dense 
area adjacent to both sides of the plasma membrane (Fig. 25c).
The largest nerve fibres seen in the lamina propria are 
confined to its basal portion. An unusual accumulation of 
vesicles with cores of varying opacity and irregular dense 
bodies and mitochondria may be present.
Lymphatic vessels:
The fine structure of lacteal vessels or lymphatic cap­
illaries reveals no differences between villi and pericryptal 
connective tissue. Most of the lymphatic vessels are widely 
patent but some are collapsed with a reduced lumen. The 
endothelial cell bodies contain a very limited amount of 
cytoplasm (Figs. 26; 27a). A few cisternae of rough endo­
plasmic reticulum are present and mitochondria are very rare. 
Pinocytotic vesicles and caveolae are frequent. Short 
bundles of filaments may be seen in the perinuclear cyto­
plasm (Fig. 26). Occasionally there is a cytoplasmic process 
towards the lumen in which the organelles appear in a 
slightly greater number; the Golgi complex is also seen in 
this position. The nucleus has a rather uneven membrane 
(Fig. 27a) and it is fairly rich in chromatin. The processes 
of lymphatic endothelia are attached to the cell body without 
changing their thickness very much - hence the transition of
perinuclear cytoplasm to the process is rather well defined
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(Figs. 26; 27a). The processes contain a very limited
number of organelles in which the endoplasmic reticulum con­
stantly occurs. Dense bodies limited by a single membrane 
are present. Pinocytotic vesicles are more frequent than
in the cell body. These are usually elliptical, with the
o
shortest diameter ranging between 600-1,200A. Many of 
these structures appear as open caveolae (Fig. 26). The 
outline and course of the endothelial processes differ; the 
majority show angular deflections and variations in thick­
ness (Fig. 27b) with frequent cytoplasmic projections.
Thin processes maintain approximately uniform thickness 
and even outlines and they show a reduced number of pino­
cytotic vesicles (Fig. 5). All processes overlap each other 
over a variable length (Fig. 27a). In many instances the 
end of a process is bifurcated and interdigitates loosely 
with its counterpart of similar form. Many processes after 
overlapping over a short distance, deflect towards the 
lumen and form flaps. Shorter flaps are constituted by 
portions of bifurcated ends which do not contact others. 
Cellular contacts are seen fairly frequently (Fig. 27a).
These may be classified in many cases as of primitive des- 
mosomal character because of the presence of an intercellular 
contact layer (Fig. 27d). In the region of a junction 
increased density of cytoplasm is seen.
The overlapping processes often circumscribe a
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subendothelial space communicating with the exterior which 
contains an accumulation of poorly visible chylomicra (Fig. 
27c). Desmosome-1ike junctions appear constantly between 
cell processes.
The lumen of some lacteal vessels is sometimes free of 
any demonstrable material. More frequently droplets are 
seen which correspond to the chylomicra (Casley-Smith, 1962), 
and which have a very low electron density (Fig. 26).
These are dispersed in a finely precipitated substance 
which is more opaque.
The lymphatic endothelial cells rest upon a layer of 
connective tissue which contains collagen fibrils (Figs.
26; 27a; 27b). The lacteals are constantly associated
with smooth muscle cells but the extent of this relation­
ship is variable. Smooth muscle cells are seen immediately 
beneath the interstitial layer which may narrow to 0.15- 
0.25 u (Fig. 5). Finger-like processes of smooth muscle 
cells form occasional connections with the endothelium 
(Fig. 28d). Elsewhere pinocytotic vesicles may be seen in 
both cells. A relationship between groups of vesicles in 
contiguous cells is sometimes seen (Fig. 27b). Processes 
of fibroblasts occur frequently at some distance from the 
lymphatic capillaries. These appear rarely in the proximity 
of the endothelium; without the intervention of further 
cells (Fig. 27a). These intervening cells are poorly
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differentiated (Fig. 5). Characteristics of the lymphocytic 
series are sometimes present.
Blood vessels:
Fine structure of blood capillaries corresponds to that 
described in the bibliography (Majno, 1965) and only addit­
ional observations are mentioned here. Usually cell proc­
esses intervene between both epithelium and capillary base­
ment membranes. The gap separating both basement membranes 
usually measures between 0.3-0.7 u. In the rabbit there 
are occasional defects in the capillary basement membrane 
through which protrude small processes of endothelial cyto­
plasm. Such processes may extend for a short distance 
through a gap in the basement membrane of the epithelium 
(Fig. 29c) and lymphocytes are seen between the epithelial 
cells, above the gap in the basement membrane.
Contrary to the observations of Horstmann (1966), 
fenestrae were seen to occur around all the perimeter of 
the capillaries. They do not occur only in the immediate 
vicinity of the cell body. This is invariably located on 
the side opposite to that facing the epithelium, so that 
the total number of fenestrae is greater towards the 
epithelium. The surface of some endothelial cells forms 
numerous thin processes which may form bridge-like struct­
ures with fenestrations.
The fine structure of capillaries in the lamina propria
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surrounding the crypts differs only in a few respects from 
that seen within the villi. The endothelial cell surface 
and capillary lumen are usually more uniform (Fig. 30b). The 
gap between the epithelium and capillary basement membranes 
may be narrower than in the villus, the shortest distance 
was about lOOm u (Fig. 30b). Endothelial cells contain cell 
organelles in which the Golgi complex is most prominent.
Vessels occur in the lamina propria with more complex 
walls. The larger can be identified as arterioles or ven­
ules. The terminal arterioles are present at the base of 
the lamina propria (Fig. 24). Some appear contracted like 
that in Fig. 31a. Endothelial cells bulge into the lumen 
and show cytoplasmic projections near cell junctions. Base­
ment membrane is common to both the inner aspect of the 
endothelium and the smooth muscle cells. In places, however, 
it is split (Figs. 24; 31a) and a space is formed which
contains traces of elastica. This has variable staining 
affinity. The media is formed by a single layer of smooth 
muscle cells. Connective tissue components surrounding 
terminal arterioles show no particular relation to smooth 
muscle cells; however nerve fibres are seen usually close 
to the perimeter (Fig. 31a).
The smaller vessels are characterised by the absence of 
fenestrae and are completely or almost completely surrounded 
by pericytes (Figs. 32; 33). The cytoplasm of the pericyte
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p r o c e s s e s  i s  f a i r l y  e l e c t r o n  dense  and shows a d i s t i n c t l y  
f i b r i l l a r y  s t r u c t u r e  (F ig .  33) .  The p r o c e s s e s  o c c a s i o n a l l y  
approach the  endothel ium through the  gaps in  the basement 
membrane. These v e s s e l s  show very  i r r e g u l a r  p r o f i l e s  (F ig .  
33) .  Sometimes i t  i s  d i f f i c u l t  to dec ide  whether  such a 
t o r t u o u s  p r o f i l e  does not  a l r e a d y  r e p r e s e n t  a c a p i l l a r y .  
Fu r the rm ore ,  i t  i s  not  c e r t a i n  whether  they r e p r e s e n t  p r e -  
o r  p o s t - c a p i l l a r y  segments of  the v a s c u l a r  t r e e .  The 
s m a l l e s t  v e s s e l s  i d e n t i f i e d  as venu les  are seen nea r  the  
c e n t r e  of a v i l l u s  c o re .  The o u t l i n e  of the v e s s e l  i s  r e g ­
u l a r  w i t h  a d i a m e te r  g r e a t e r  than t h a t  of  the c a p i l l a r i e s  
(F ig .  3 0 a ) . The i n n e r  s u r f a c e  of  the  endothe l ium,  which 
l acks  f e n e s t r a e ,  shows only s l i g h t  unevenness .  Shor t  
p r o j e c t i o n s  are  c o n s t a n t l y  p r e s e n t  a t  c e l l u l a r  j u n c t i o n s .
The l a r g e r  v e n u l e s  or  s m a l l e s t  v e i n s  were seen a t  the base  
of the lamina p r o p r i a .  These have an endothe l ium of 
i n c r e a s e d  t h i c k n e s s  and the p e r i c y t e  inves tment  i s  r e p l a c e d  
by a s i n g l e  l a y e r  of l o n g i t u d i n a l l y  o r i e n t a t e d  smooth muscle 
c e l l s  ( F i g .  3 1 b ) .
The e n d o t h e l i a l  c e l l s  of b lood v e s s e l s  l a r g e r  than 
c a p i l l a r i e s ,  normal ly  c o n t a in  dense  b o d i e s .  These a re  
u s u a l l y  e lo n g a t e d ,  d i s e - l i k e  or  d rop - shaped ,  of r e g u l a r  o u t ­
l i n e  (F ig .  31b) .  The l ength  v a r i e s  between approx imate ly  
250-400m u; t h e i r  width  i s  90-200m u .  These are  bounded by 
a s i n g l e  membrane c l o s e l y  a p p l i e d  to the  homogeneous c o n t e n t s
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which have a high electron density. Rarely indistinct long­
itudinal striations are seen. Cytoplasmic filaments, 
o
6O-8OA in diameter are usually present in the endothelium.
The most common orientation of bundles which can be seen 
is parallel to the cell length (Fig, 31b).
Eosinophilic leucocytes:
Eosinophilic granulocytes are frequently encountered
within the lamina propria. There were no differences in
fine structure. After glutaraldehyde prefixation, externum
of the granule appears usually, though not invariably,
more dense than the internum. The internum exhibits a
crystalline structure, consisting of parallel dense lines,
o
with a periodicity of 25-30A.
Mast cells and globular leucocytes:
Further cells with granules are frequently seen in the 
lamina propria. These are globular leucocytes and mast 
cells which are sometimes difficult to distinguish. Granules 
which occupy most of the cell volume are spherical, elliptical 
or polygonal in profile when close together (Fig. 34a), A 
definite variation in the granule-density occurs in some 
cells. Large vacuoles sometimes contain an electron-dense 
substance which suggests it may be a granule residuum. Less 
dense granules reveal a finely particulate sub-strueture 
(Fig. 34b). Cells with granules of varying density are 
thought to be mast cells. All granules have an electron
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dense membrane. Sparse organelles and free ribosomes are 
seen between granules.
A similar type of cell seen in the rabbit shows dis­
tinctive and uniform features (Fig. 34c). The vacuolar 
membrane-bounded spaces contain irregular fine filaments, 
while the granules with more coarse structure are only 
rarely present.
Cellular regression in the lamina propria:
Some cells in the lamina propria show changes which 
can be classified as degenerative. Affected cells or their 
remnants usually undergo phagocytosis before this is com­
plete. Some features of the cell type remain recognisable 
in the early stages, though modified in a characteristic 
manner. Further structures appear as a non-specific result 
of degradation.
The description of different static images seen in 
electron micrographs would appear meaningless if an attempt 
to interpret them as a dynamic process was not made.
In very rare instances, a cytoplasmic change like the 
one in Fig. 35 is encountered. Altered mitochondria, 
myelinic figures and lamellated cylindrical bodies are seen. 
This area may be incompletely limited by a cisterna of the 
endoplasmic reticulum. It is conceivable that such a port­
ion may be sequestered externally and subsequently phago- 
cytosed by other cells. If internal sequestration occurs,
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the process is identical with cytolysome formation.
It is unlikely that the changes illustrated in Fig. 35 
can be interpreted as the phagocytosis of a degenerated 
cell remnant by the process of a macrophage. When the 
material is more condensed (Fig. 36), it is difficult to 
determine the origin.
In the rabbit intestine, part of a cytoplasmic process
may be completely filled with material which is continuous
with the cytoplasmic constituents. The material consists
of two components which are loosely arranged (Fig. 37c).
The first is formed by cylinders which may measure more than
O.8 u in length and 65-300m u in thickness. These are com-
o
posed of dense lamellae each about 30-35A in width separated
o
by a less dense space approximately 20A. In places lamellae 
are seen to consist of two sublayers divided by a space the 
thickness of which is just within the limits of resolution 
(Fig. 37c insert).
The lamellae are arranged in a concentric fashion but
sometimes a cylinder is seen to be formed by a continuous
lamella in the form of a tight spiral. The second component
ois formed by groups of tubules, each of 600-640A in diam­
eter (Fig. 37c). The tubular wall is triple-1ayered with
o
two dense layers about 25-30A thick, separated by a clear 
space of the same thickness«
Similar components may occur in phagosomes, but here the
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arrangement is more dense,
A further characteristic type of degenerative process 
affects plasma cells and is seen frequently in both the 
species examined.
Phagocytosed plasma cells show coagulation necrosis 
(Figs. 40a; 39a). The density of the cytoplasm is strik­
ingly increased. Mitochondria are swollen and partially 
disintegrated while the cisternae of the endoplasmic ret­
iculum are preserved and usually appear as rounded sacs 
which contain a substance less dense than the cytoplasmic 
matrix. Ribosomes are preserved but because of increased 
background density appear to have reduced contrast. Other 
plasma cell bodies which may be supposed to be in a more 
advanced stage of degradation, consist of poorly defined 
membranous sacs compressed together (Fig. 41a). Between 
these sacs numerous dense particles are seen, some of which 
appear identical with ribosomes, while others are larger 
and irregular. Few mitochondrial remnants are recognisable.
These variations in appearance suggest different stages 
of a process which consists of a gradual loss of cytoplasmic 
matrix with concentration of the sacs of the endoplasmic 
reticulum and either condensation of ribosomes or formation 
of electron dense substances in the remains of the matrix 
between the sacs. This sequence of events is thought to
provide an explanation of the final stages of degradation of
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these cells in lamina propria.
Some of the phagocytosed remnants though they still 
retain recognisable traces of the original cell organisat­
ion, contain homogeneous areas at the periphery (Fig. 41c). 
Myelinic figures may be seen in these areas.
In other cases, the origin of the degenerated cell cannot 
be recognised with certainty. The cytoplasm is converted 
into an electron dense, finely granular substance which 
contains twisted membranes which in places show a parallel 
arrangement. Close to the membranes or between them, clumps 
of poorly defined electron dense substance occurred (Fig.
38). A similar substance probably replaces the nucleus.
Fragments which show such changes, may be seen occas­
ionally isolated. After becoming phagocytosed, they have a 
more condensed appearance (Fig. 39b). These fragments are 
thought to be derived also from plasma cells. Under path­
ological conditions, similar changes appear to be related 
to the degradation of phagocytsed plasma cells (see Chapter 
7) .
Other inclusions consist of membrane limited sacs which 
contain finely particulate substance. The membranes are 
disrupted in many places and sacs communicate with one 
another. The spaces between sacs contain clumps of dense 
material forming, together with membranes, a reticulated 
pattern (Fig. 41b).
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Some inclusions reach a considerable size and display
p 1eomorphism. These bodies consist of matrix enclosing
irregular areas of increased density, myelinic figures
(Figs. 42a; 42b; 37a) and cylindrical bodies of the
appearance already described. Occasionally, dense parallel 
o
lines, about 25A in width, were seen in the matrix, separ- 
oated by 45-90A. Different arrays intersect at variable 
angles (Fig. 37b). In the periphery, the matrix is contin­
uous with myelinic figures (Fig. 37a). The dense lines
oin these appear with approximately 45A periodicity (Fig.
37a, insert). Small, partially extracted droplets of lipid, 
occur near the inclusions (Fig. 42b) or in their periphery.
The position of the largest inclusions is difficult to 
determine. They appear to be surrounded by a thin layer of 
cytoplasm, the origin of which is not obvious. Sometimes 
the relation suggests that the inclusions are being enclosed 
between the cell processes. In some cases red blood cells 
were seen close to the inclusions and possibly participate 
in their formation.
Degenerative changes were seen in eosinophilic leuco­
cytes. Affected granules show irregular rarefaction and 
loss of the externum. The crystalloid internum remains 
partially isolated in a vacuolar space surrounded by a 
granule membrane (Fig. 40b). Some of the membranes disrupt 
and the spaces fuse.
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DISCUSSION;
The fine structural appearance of most of the cells 
within the lamina propria suggests that it subserves a def­
inite function. The main activity consists of phagocytosis 
and secretory activity. The former cannot be defined on 
the basis of ultrastruetural appearance of the cells alone 
if we exclude the signs of phagocytosis. The latter involves 
synthesising cells of two different types, plasmocytic and 
fibroblastic cells. Vessels and smooth muscles with further 
characteristic cell types are present.
Undifferentiated cells:
Undifferentiated cells in the lamina propria do not 
form a clearly defined group. They seem comparable to 
undifferentiated cells of lymphoid tissue. The lack of prec­
ise morphological definition by light microscopy has lead 
to a confused nomenclature in the cytology of lymphoid 
tissue (c.f. review Gall, 1958; Lennert, 1961; Marshall, 
1956) which has limited objective substantiation in relation 
to fine structure. It is possible, however, to compare the 
fine structure of these undifferentiated cells in the lamina 
propria without attempting a rigid classification.
The small cells resemble the primitive reticulum cells 
in lymph nodes (Han, 1961; Bernhard and Leplus, 1964). 
However, the higher chromatin density does not compare with 
the description of Bernhard and Leplus (1964) based on
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aldehyde prefixed material.
Occasionally the identification of cells with similar 
organelles is uncertain. These cells often resemble 
lymphoblasts but it is difficult to make identification 
certain.
The larger undifferentiated elements in the lamina 
propria are thought to be variants of reticulum cells.
This interpretation seems most plausible if the criteria of 
Bernhard and Leplus (1964) are adopted. The classification 
of Movat and Fernando (1964) would preclude so unified a 
classification* The large numbers of ribosomes and rough 
endoplasmic reticulum in some cells of this category indic­
ate synthetic activity and a tendency towards plasmocyte 
development. A transition towards lymphocytes is less 
certain but is not excluded. Many of these cells in the 
lamina propria may be regarded as potentially immunologically 
competent (Nossal, 1962).
Mac rophages:
The features of cells in the lamina propria which show 
the signs of phagocytosis display some variability. This 
is in agreement with published studies of phagocytes in other 
tissues (Clark, Jr., 1962; Han, 1961; Movat and Fernando, 
1964; Bernhard and Leplus, 1964; Karrer, I960; Essner, 
1960; Galindo and Imaeda, 1962). The functional definition
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based only  on the p re se n c e  of p h a g o c y t o s i s  does not  exclude 
the p o s s i b i l i t y  t h a t  o t h e r  c e l l s  of  mesenchymal o r i g i n  can 
a c t  as phagocy t i c  c e l l s .  In  the lamina p r o p r i a  t h e r e  i s  
however,  no v a l i d  reason  to use  terms o t h e r  than macrophages.  
The c l o s e  s p a t i a l  r e l a t i o n s  and developmental  p o t e n t i a l i t ­
i e s  i n  t h i s  t i s s u e ,  suggest  t h a t  the term "phagocy t i c  r e t ­
iculum c e l l "  i s  p l e o n a s t i c ,  a l though  such may be found.  On 
the o t h e r  hand,  the c e l l  i l l u s t r a t e d  in  F i g .  6 may be l a b ­
e l l e d  as h i s t i o c y t e  or  mig ra ted  monocyte,  s i n c e  i t  i s  i s o ­
l a t e d  and shows l i t t l e  p h a g o c y t o s i s .
A f u r t h e r  q u e s t i o n  r e l a t e s  to the  s i g n i f i c a n c e  of f i n e  
s t r u c t u r a l  v a r i a t i o n s  in  d i f f e r e n t  macrophages.  G r e a t l y  
i n c r e a s e d  numbers of  v e s i c l e s  were d e s c r i b e d  in  macrophages 
i n  lymphoid t i s s u e s  by Movat and Fernando (1964) .  In i n t e s ­
t i n a l  macrophages the evidence i s  c o n c lu s i v e  tha t  t he se  
v e s i c l e s  a r e  formed from the  Golgi  complex,  and sugges t s  
t h a t  the i n c r e a s e d  e l a b o r a t i o n  of v e s i c l e s  which may a c t  in  
some c e l l s  as pr imary lysosomes (Novikof f ,  1963) p rov ides  
the  requ i r emen t s  fo r  enzymatic d i g e s t i o n .  V e s i c l e s  c o n t a i n ­
ing dense  m a t e r i a l  resemble  c l o s e l y  " v i r g i n "  lysosomes in  
the c ryp t  e p i t h e l i u m  d e s c r i b e d  by Moe, Ros tgaa rd  and Behnke,  
(1965) .
In the  lamina p r o p r i a  i t  appears  t h a t  t h e r e  i s  no c o r r e ­
l a t i o n  between phagocy t i c  a c t i v i t y  and the  development  of
a g r a n u l a r  endoplasmic r e t i c u l u m  and r ibosomes .  The v a r i a ­
b i l i t y  in the development of  the endoplasmic r e t i c u l u m  a nd /o r
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ribosomes suggests further possibilities. Mesenchymal 
cells in different stages of development towards more diff­
erentiated forms may become phagocytic. It appears that 
macrophage-type phagocytosis can be regarded as functional 
capability of undifferentiated cells.
The fine structure of phagosomes will be discussed 
later in connection with cell degradation in the lamina 
propria.
The cells of the lymphocytic series which are seen in 
the lamina propria are similar to those described by Han 
(1961); Galindo and Imaeda (1962); Movat and Fernando 
(1964); Bernhard and Granboulan (I960); Bernhard and 
Leplus (1964). Some difficulties appear to arise however, 
when an attempt is made to find the position of a given 
cell along the developmental line of lymphocytes. A com­
parison of the different descriptions in the bibliography 
shows a similar situation.
Plasma cells:
The fine structure of plasma cells seen in the lamina 
propria corresponds to the published descriptions of these 
cells in other tissues (Movat and Fernando, 1962a; Thiery, 
1960; Han, 1961; Bessis, 1961; Bernhard and Granboulan, 
1960; Bernhard and Leplus, 1964). Occasionally plasmocytes 
are found in small groups which may be analogic to the plas- 
mocytic islet of Thiery ( 1962) in a less developed form.
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The degree of dilatation of the cisternae of the endoplasmic 
reticulum (ergastopi asm) varies in a similar fashion with 
that described by others in normal <& neoplastic plasma 
cells (Maldonado, Brown, Bayrd, Pease, 1966a^. Although there 
occurred dilatations of cisternae, concentration of accum­
ulated material corresponding to Russell body formation 
(Thiery, 1960; Welsh, 1962; Bessis, 1961; Movat and 
Fernando, 1962b) does not occur.
The role of the Golgi complex is of considerable inter­
est in the elaboration of the secretory product now known 
to be immunoglobulins (Mellors and Korngold, 1963; Nossal, 
1962; Crabbe and Heremans, 1966; Crabbe, Carbonara and 
Heremans, 1965). The polarity of the Golgi complex was 
pointed out in some observations of the plasmocyte 
(Stoeckenius, 1957; Bessis, 1961) but the transport mechan­
ism was not studied in detail. Our findings indicate that 
the material is transported to the Golgi complex over a very 
short distance by vesicles separating from the endoplasmic 
reticulum, though continuity is not observed. Products 
condensed in the Golgi cisternae are contained in coated 
vesicles which are pinched off the cisternae and in turn they 
fuse and are incorporated into dense granules.
Migration of synthesised protein from the endoplasmic 
reticulum to the Golgi complex was demonstrated in plasma 
cells by electron microscopic autoradiography (Clark, Jr.,
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1966); antibodies have been previously demonstrated in 
both organelles (de Petris and Karlsbad, 1965). This con­
firms that the Golgi complex in the plasmocyte has an iden­
tical role to that in the other protein secreting cells 
(Caro and Palade, 1964; Ross and Benditt, 1965; Revel and 
Hay, 1963; Zeigel and Dalton, 1962). The mode of trans­
port of condensed material from the Golgi cisternae by 
coated vesicles which has not been described in the plasmo­
cyte so far appears to be identical to that described in 
the hepatocyte (Bruni and Porter, 1965). Their further fate 
is different; in the hepatocyte the coated vesicles are 
incorporated into mu1tivesicu1ar bodies subsequently trans­
formed into microbodies. In the plasmocyte coated vesicles 
are discharged directly into granules, which are homogeneous. 
These granules which are of an unknown nature were described 
to occur near Golgi apparatus (Bessis, 1961; Thiery, 1960; 
Movat and Fernando, 1962b) but rarely likened to secretory 
(Bernhard and Granboulan, 1960). There appears only one 
description which suggests the observation of coated vesicles 
(Han, 1961) near the Golgi cisternae but the transport to 
the granules was not recorded. Transitions between the 
Golgi apparatus and granules without a description of coated 
vesicles were seen in myeloma cells (Maldonado, Brown,
Bayrd and Pease, 1966b). Our observations suggest a trans­
port of protein from the Golgi complex to the granules. The
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nature of these substances and their further fate are not 
known, though it may be inferred that these are immuno­
globulins. Behnke (1963b) demonstrated acid phosphatase 
activity in the granules of plasmocytes in the lamina 
propria and considered them as lysosomes. This does not 
invalidate the possibility that protein is transported to 
them. On the other hand, the presence of acid phosphatase 
activity does not preclude the possibility that the gran­
ules are secretory in nature (de Duve, 1963; Novikoff,
1963).
In the plasmocyte, further mechanisms of secretion are 
unknown. Granules were not seen to be discharged. Signs 
of other mechanisms of secretion suggested by Thiery (1960) 
were not observed.
Fibroblasts and fibroblast-1ike clear cells:
Fibroblasts seen in the lamina propria are similar to 
those described by Porter, 1964; Chapman, 1962; Ross and 
Benditt, 1961; Movat and Fernando, 1962 a; Peach, Williams 
and Chapman, 1961). The comparison indicates that they may 
be regarded as moderately active. Fibroblasts have a 
different appearance from reticulum cells, which were 
considered by some authors to be similar (Movat and 
Fernando, 1964). Their relation to collagen fibrils is 
most remarkable in the cell processes. The plasma membrane 
is clearly defined unlike the cells where synthesis is
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active (porter, 1964). Caveolae and pinocytotic vesicles 
(Movat, Fernando, 1962a) are unusually frequent. Fibrils 
flank the outer aspect of the plasma membrane in accordance 
with the observations of Porter (1964) but their superposit­
ion with densities in the fibrillar cortex of the cell has 
not so far been recorded. When confined in length, this 
apposition resembles hemidesmosomes which may occur in 
mesenchymal cells where these are elongated and subject to 
mechanical stress as in blood and lymphatic vessels 
(Stehbens, 1966; Leak and Burke, 1966).
Cell junctions of the primitive desmosome type were 
found in processes along crypts a.: * in situations where some 
more stable arrangement of cells in forming sheaths may be 
important. The only description of cell junctions in cells 
of this type is that recently published by Greenlee and 
Ross (1967) in foetal fibroblasts of developing tendon.
Fibroblast processes resemble smooth muscle cells in 
possessing prominent filaments and pinocytotic vesicles, 
although the two may be readily differentiated. One is 
tempted to speculate as to whether this similarity indicates 
the presence of a cell with some transitional properties, 
as they might occur between smooth muscle cells and peri­
cytes in the vessels.
Two features distinguish clear cells from ordinary
fibroblasts in the lamina propria. The first is the very
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low density of the cytoplasm. This is rather unusual after 
glutaraldehyde prefixation, since cells whose structure 
indicates synthetic activity show, in most cases, a rather 
dense cytoplasm. This low density can be compared to that 
generally observed in foetal cells. The total surface area 
of rough endoplasmic reticulum is limited since there are 
only a few large cisternae present. The common occurrence 
of communication with the perinuclear cisterna suggests that 
the formation of endoplasmic reticulum is in progress and 
that the cells are young or increasing their activity 
according to evidence available in other cells (Behnke and 
Moe, 1964; Parks, 1962). One can thus conclude that the 
modification is of a progressive nature. Further features 
are similar to those seen in active fibroblasts (Movat and 
Fernando, 1962a; Porter, 1964), particularly the fibrillar 
cortex and the relation of extracellular fibrils and matrix 
to the plasma membrane. The possibility that these cells 
are a collagen-producing variant of reticulum cells or of 
the transitional stages into fibroblasts must be considered. 
Smooth muscle cells and nerve fibres:
The finger-like processes and minor surface modulations 
of smooth muscle cells are apparently associated with their 
loose arrangement. It is thought that these processes can 
act in some instances as devices for exerting traction on 
structures which abut upon them (e.g. lymphatic endothelium).
97
Cells containing few myofilaments are believed to be 
retrogressive. The possibility that they are as yet not 
fully differentiated, is unlikely since this is precluded 
by the poor amount of organelles. The nerve fibres 
observed in this study were only related to the smooth 
muscle cells and vessels. Structurally defined synapses 
were not detected however, and it may be supposed that they 
are rare. This parallels the observations in the muscularis 
propria as well as that in some other organs (Garrett, 1966). 
The presence of "synaptic’1 vesicles is not a sufficient 
criterion for synapsis (de Robertis, 1964). The relation­
ship of nerve fibres to other structures in the intestinal 
mucosa appears to be functional and has no precise morph­
ological definition.
Lymphatic vessels:
Filaments in the cytoplasm of the lymphatic endothelium 
have not been described in the lamina propria previously, 
though they occur in the same cells of other tissues 
(Cas1ey-Smith and Florey, 1961; Leak and Burke, 1966). No 
intercellular gaps were seen. This finding seems to be at 
variance with the results of Palay and Karlin (1959a) and
t i  n  n
in agreement with Papp, Rohlich, Rusznyak, Toro (1962), who 
examined, however, cat intestine. These authors described 
long cytoplasmic projections of the endothelial cells into 
surrounding tissue which, though present in other locations
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(Leak and Burke, 1966; Fraley and Weiss, 1961) were not 
observed in this study, nor by Palay and Karlin
(1959a) in similar species. The bifurcation of cell proc­
esses is usually described in terms of interdigitation. 
Primitive desmosomes or cell junctions are rarely mentioned 
in connection with lacteals (Cas1ey-Smith, 1962) though they 
are often seen together with other types of junctional com­
plex in lymphatic vessels elsewhere (Cas1ey-Smith and Florey, 
1961; Leak and Burke, 1966), The basement membrane is 
reported as incomplete (Cas1ey-Smith, 1962; Casley-Smith
and Florey, 1961) or absent (Palay and Karlin, 1959a; Papp,
i i  I i i  i t
Rohlich, Rusznyak and Toro, 1962), No structure which can 
be classified as a basement membrane was seen in this study. 
Subendothelial accumulations of chylomicra, seen also in 
human intestine (Rubin, 1966), indicate that there is imped­
ance of inlet valve function of lacteals as proposed by 
Casley-Smith (1962),
Blood vessels:
The fine structure of blood vessels in the lamina prop­
ria appears to be very similar to that described elsewhere 
(see Majno, 1965), A few observations, however, are worth 
mentioning. The finding of small gaps in the capillary 
basement membrane with protrusions of endothelial cytoplasm 
is unusual in adult tissue. These occur in foetal and 
regenerating vessels (Donahue, 1964; Schoefl, 1963) and in
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the human placenta (Rhodin and Terzakis, 1962). Endothelial 
protrusions seen in the lamina propria seem in some instances 
to be the sequellae of diapedesis of leucocytes through the 
capi11 ary wal1.
The significance of dense bodies occurring in many endo­
thelial cells within the lamina propria is unknown. Whether 
they contain acid hydrolases and represent lysosomes which 
they resemble structurally, remains to be determined. They 
differ in size, density and absence of recognisable internal 
structure, from bodies described in the arterial endothelia 
(Weibel and Palade, 1964). A relation, however, cannot be 
ruled out since some differences may be due to glutaralde- 
hyde prefixation.
Mast cells, globular leucocytes and eosinophils:
Mast cells and elements which correspond to the description 
of globular leucocytes as given by Kent (1966) can be usually 
identified. The granules in mast cells correspond to those 
observed by Bloom and Haegermark (1965). A small number of 
organelles is present. This is similar to the description 
of mast cells by Fernando and Movat (1963). These authors, 
however, did not observe any membranes around granules with 
a coarser substructure. The criteria for distinguishing 
globular leucocytes (Kent, 1966) appear insufficient in some 
cases. In rabbit, the cells, believed to represent mast 
cells, constantly exhibit poor granule preservation. This is
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l i k e l y  to be due to d i s s o l u t i o n  dur ing  f i x a t i o n  and p r o c ­
e s s i n g  and may i n d i c a t e  a s p e c i e s  d i f f e r e n c e  in  g r a n u le  
s t r u c t u r e  which could e xp l a i n  v a r i a n c e s  in  the  appearance 
of  g r a n u l e s  (Bloom, 1965).
The only  g r a n u l o c y t e s  observed in  the lamina p r o p r i a  of  
bo th  the s p e c i e s  examined in  t h i s  s tudy were e o s i n o p h i l i c .
The c r y s t a l l i n e  internum in  g r a n u l e s  i s  a c o n s t a n t  f e a t u r e  
( review H i r s c h ,  1965; Wetze l ,  Horn and S p i c e r ,  1967).  In 
r a t  the  l o n g i t u d i n a l  p e r i o d i c i t y  of the c r y s t a l  r e s o lv e d  
co r re sponds  to the r e c e n t l y  p u b l i s h e d  o b s e r v a t i o n s  of  M i l l e r ,  
de Harven and Pa l ade  (1966) .  T ra n s v e r s e  p e r i o d i c i t y  d e s ­
c r i b e d  by t he se  au thors  was not  i d e n t i f i e d .
C e l l u l a r  r e g r e s s i o n :
C e l l u l a r  r e g r e s s i o n  in the  lamina p r o p r i a  i s  accompanied 
by p h a g o c y to s i s  which supervenes  the d e g e n e r a t i v e  change.  
Most of the con t inuous  p roces s  of d e g r a d a t i o n  i s  seen w i t h i n  
macrophages and the appearance p reced ing  p h ag o c y t o s i s  may be 
only i n f e r r e d .  The c l a s s i f i c a t i o n  of d e s c r i b e d  changes 
i n d i c a t e s  t h a t  d i f f e r e n t  types  of r e g r e s s i o n  o c c u r .  The 
whole c e l l  may show the f e a t u r e s  of c o a g u l a t i v e  n e c r o s i s .  
This  i n t e r p r e t a t i o n  i s  suppor ted  by o b s e r v a t i o n s  of  s i m i l a r  
changes in  o t h e r  c e l l s ,  mainly  h e p a t o c y t e s ,  under  p a t h o l o g ­
i c a l  c o n d i t i o n s  (Wachstein and Besen,  1964; Kl ion and 
S c h a f f n e r ,  1966; C o s s e l ,  1965; Biava  and Mukhlova-Mont ie l , 
1965).  In many of t he se  o b s e r v a t i o n s ,  the n e c r o t i c  c e l l  was
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surrounded or  phagocytosed by o t h e r s ;  t h i s  was the case in  
our m a t e r i a l .  In the  normal lamina p r o p r i a  only  plasmo- 
c y t e s  a re  seen to be a f f e c t e d  by c o a g u l a t i v e  n e c r o s i s .  The 
c o n t e n t i o n  t h a t  t h i s  b a s i c  change of c e l l  appearance p r e c ­
edes p hagocy tos i s  i s  suppor ted  by o b s e r v a t i o n s  of i schaemic 
lamina p r o p r i a ,  where s i m i l a r l y  changed c e l l s  a r e  seen 
b e fo re  being phagocytosed (See Chap te r  7) and by the r e p o r t  
of C la rk  (1966) who d e sc r i b e d  degene ra t ed  plasma c e l l s  of 
s i m i l a r  appearance  in  normal lymph nodes .  P h a gocy tos i s  of 
p lasmocytes  under  abnormal c o n d i t i o n s  has a l r e a d y  been 
observed (Weiss and Aisenberg ,  1965; Swar tzendruber  and 
Congdon, 1963).
Limi ted  cy top lasmic  a l t e r a t i o n s  form a more h e t e r o g e n ­
eous group and p r e s e n t  problems in  i n t e r p r e t a t i o n .  The p r e ­
r e q u i s i t e  for pha g o c y to s i s  i s  the  e x t e r n a l  s e q u e s t r a t i o n  
of an a l t e r e d  a r e a  which i s  demons t ra t ed  exceed ing ly  
i n f r e q u e n t l y  and d i f f i c u l t  to a s s e s s .  Some i s o l a t e d  f r a g ­
ments of the cytoplasm occur  and show the t r a n s f o r m a t i o n  
d e s c r i b e d .  Whether these  a r e  only s e q u e s t r a t e d  or belong 
to a c e l l ,  which degene ra ted  comple te ly ,  i s  u s u a l l y  d i f f ­
i c u l t  to d e c i d e .  The e x t e r n a l  s e q u e s t r a t i o n  of the cytoplasm 
has been d e sc r i b e d  only a few t imes in  l i v e r  c e l l s  ( S t e i n e r ,
1961; Lane and Becker ,  1966).  The e x t e r n a l  l i m i t a t i o n  of  
the a l t e r e d  cytoplasm,  i n d i c a t i n g  subsequent  s e q u e s t r a t i o n  
was d e s c r i b e d  in  tumour c e l l s  (Bar ton and Ba r ton ,  1965),
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Macrophages very r a r e l y  show l i m i t e d  cy top lasmic  a l t e r ­
a t i o n s .  These a re  d i f f e r e n t  in  c h a r a c t e r  from plasmocytes  
and l i k e l y  to d i s i n t e g r a t e  a f t e r  s e q u e s t r a t i o n  b e fo r e  
phagocyto s i s .
The i n t r a c e l l u l a r  phase  of  d e g r a d a t i o n  seen in  phago­
somes e x h i b i t s  some common f e a t u r e s .  The l o s s  of cy toplasmic  
m a t r i x  in  phagocytosed p lasmocytes  may be exp la ined  by the 
p re se n c e  of p r o t e o l y t i c  a c t i v i t y  in the phagosome. The sacs 
of  endoplasmic r e t i c u l u m  p e r s i s t  longer ;  h y p o t h e t i c a l l y ,  
the  membranes may impede the d i g e s t i o n  of the c o n t e n t s .  The 
appearance  of dense  co a r s e  p a r t i c l e s  which suggest  ribosome 
condensa t i on  remains unexp la ined  and does not  p a r a l l e l  the 
d i s a p p e a r a n c e  of  r ibosomes in  a u t o l y s i s  exper iments  (Trump, 
G o l d b l a t t  and S t o w e l l ,  1965d)• I f  some i n c l u s i o n s  a re  
e r y t h r o c y t e  remnants the dense  m a t e r i a l  may be f e r r i t i n .  
Homogeneous a r e a s  or whole i n c l u s i o n s  of  u n i d e n t i f i a b l e  
o r i g i n  c o n t a i n  mye l in i c  f i g u r e s  a t  the p e r i p h e r y .  This  
resembles  p h o s pho l ip id  in  the p r o c e s s  of h y d r a t i o n  and the re  
p e r i o d  of the  mye l in i c  fo rmat ions  i s  compat ib le  wi th  t h i s  
assumpt ion (S t o e c k e n i u s , 1959; 1962; Revel ,  I to & Faw ce t t ,
1958; Mercer ,  1961).  C r y s t a l l i n e  a r r a y s  w i t h i n  the ma t r ix  
c o n s i s t i n g  of  dense  l i n e s  a r e  s i m i l a r  to those  observed in 
phagosomes by Kar r e r  (1960) .  Large complex i n c l u s i o n s  con­
t a i n i n g  f u r t h e r  l i p i d  d r o p l e t s  and membranes resemble u l t r a -  
s t r ue  tur  a l l y  c e r o id  d e p o s i t s  ( H a r t r o f t  and P o r t a ,  1965).
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T h i s  s u g g e s t s  t h e  p o s s i b i l i t y  o f  e r y t h r o c y t e  p a r t i c i p a t i o n  
i n  t h e i r  f o r m a t i o n .
The o r i g i n  o f  s m a l l e r  p h a g o s o m e s  o r  p h a g o l y s o s o m e s  c a n n o t  
b e  d e t e r m i n e d  b u t  i t  i s  r e a s o n a b l e  t o  a s s u m e  t h a t  some o f  
t h e s e  r e p r e s e n t  f u r t h e r  c o n d e n s e d  s t a g e s  o f  l a r g e r  i n c l u s i o n s .  
T h e  c o m p o n e n t s  o f  t h e s e  p h a g o s o m e s  a p p e a r  s i m i l a r  to  t h o s e  
d e s c r i b e d  b y  K a r r e r  ( 1 9 6 0 ) .  T h e  f u s i o n  o f  m e m b r a n e  p a i r s  
r e s u l t i n g  i n  c o mp o u n d  m u l t i l a y e r e d  m e m b r a n e  f o r m a t i o n  i s  
v e r y  f r e q u e n t .  A c h a r a c t e r i s t i c  c o m p o n e n t  i s  t h e  c y l i n d r i c a l  
b o d y  w h i c h  i s  s i m i l a r  i n  g e n e r a l  a p p e a r a n c e  t o  t h a t  d e s c r i b e d  
b y  S u n  ( 1 9 6 5 ) ;  A t h a n a s s i a d e s , Her man  and H e n n i g a r  ( 1 9 6 5 )  
b u t  l a c k s  t h e  f i l a m e n t o u s  s u b s t r u c t u r e  d e s c r i b e d  b y  t h e  
l a t t e r  a u t h o r s .
The  p r e s e n c e  o f  c o n t i n u o u s  l a m e l l a e  i n  c y l i n d r i c a l  b o d i e s  
s u g g e s t s  t h a t  t h e  m a t e r i a l  i s  a g a i n  l i p i d  i n  c h a r a c t e r .  T h e  
t u b u l e s ,  w h i c h  o c c u r  c o m m o n l y  t o g e t h e r  may b e  o f  a s i m i l a r  
o r  i d e n t i c a l  c o m p o s i t i o n .  E v i d e n c e  t o  s u p p o r t  t h e i r  l i p i d  
n a t u r e  i s  f o u n d  i n  t h e  r e p o r t  o f  T h o m a s  and  S h e l d o n  ( 1 9 6 4 ) ,  
who o b s e r v e d  t u b u l a r  a r r a y s  i n  t h e  p e r i p h e r a l  n e r v e  d u r i n g  
W a l l e r i a n  d e g e n e r a t i o n .
D i m e n s i o n  d i f f e r e n c e s  o c c u r r i n g  b e t w e e n  o b s e r v a t i o n s  and  
p a r t i c u l a r l y  b e t w e e n  i n  v i v o  and i n  v i t r o  l i p i d  s y s t e m s  ( s e e  
R e f s ,  a b o v e )  a r e  l i k e l y  t o  b e  d u e  t o  a p r e s e n c e  o f  a d d i t i o n a l  
c o m p o n e n t s  s u c h  a s  p r o t e i n s ,  w h i c h  w e r e  f o u n d  t o  a l t e r  t h e
t h i c k n e s s  o f  t h e  a r t i f i c i a l  m e m b r a n e  ( S t o e c k e n i u s  q u o t e d  b y
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Samuels, Gonatas and Weiss, 1964), or to the differences in 
lipid composition.
Macrophages loaded with cylindrical bodies and tubules 
within the cytoplasm are believed to be in exhausted or 
degenerative stages. Whether all the material is of phago­
cytic origin cannot be determined. Hypothetically, cytoly- 
some residues would have an identical appearance.
Material forming the larger inclusions or present within 
phagosomes was found to be PAS positive.
While this is only of secondary interest in laboratory 
animals, in man, the evaluation of PAS positive material in 
the lamina propria is of considerable importance.
Individual macrophages which contain PAS positive sub­
stances are not infrequently seen in human small bowel 
biopsies. These cannot be confused with the classical man­
ifestations of Whipple’s disease although the relationship 
may be speculated upon. A demonstration of a similar patt­
ern of degradation in human lamina propria would corrobor­
ate the view that the presence of these cells is completely 
unrelated to Whipple’s disease. Macrophages with non­
specific PAS positive material of different character occur 
in rectal biopsies (Gonzalez-Licea and Yardley, 1967).
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CHAPTER 4
FINE STRUCTURE OF THE EPITHELIUM, TELA SUBMUCOSA, 
TUNICA MUSCULARIS AND SEROSA
EPITHELIUM:
The p r e s e n t  d e s c r i p t i o n  i s  l i m i t e d  t o  f e a t u r e s  w h i c h  
h a v e  n o t  b e e n  d e s c r i b e d  b e f o r e .  F o r  t h i s  r e a s o n  a s e p a r a t e  
d i s c u s s i o n  h a s  n o t  b e e n  m a d e .
E n t  e r o c y t e s :
I n  o r d e r  t o  p r o v i d e  a c o m p a r i s o n  w i t h  t h e  p a t h o l o g i c a l  
c h a n g e s  t o  b e  d e s c r i b e d  l a t e r  t h e  a p p e a r a n c e  o f  a n o r m a l  
e n t e r o c y t e  i s  i l l u s t r a t e d  i n  F i g .  4 3 .
T h e  l a t e r a l  c e l l  s u r f a c e s  h a v e  b e e n  d e s c r i b e d  a s  c o n ­
v o l u t e d  and i n t e r d i g i t a t i n g  w i t h  n e i g h b o u r i n g  c e l l s .  When  
v i e w e d ,  h o w e v e r ,  i n  o b l i q u e  o r  t r a n s v e r s e  s e c t i o n ,  i t  may  
b e  s e e n  t h a t  t h e  l a t e r a l  c e l l  s u r f a c e  c o n s i s t s  i n  p a r t  o f  
f i n g e r - l i k e  p r o c e s s e s  w h i c h  p r o t r u d e  i n t o  t h e  c y t o p l a s m  o f  
t h e  a d j a c e n t  c e l l s  ( F i g .  4 4 c  a t  a r r o w s ) .  C a v e o l a e  w i t h  a 
c o a t e d  m em brane  o c c a s i o n a l l y  o c c u r  a l o n g  t h e  l a t e r a l  p l a s m a  
m e m b r a n e .
F i l a m e n t s  o f  t h e  f u z z y  l a y e r  o f  t h e  b r u s h  b o r d e r  p l a s m a  
m em b ra n e  a f t e r  g l u t a r a l d e h y d e  p r e f i x a t i o n  show  a d i s t i n c t  
t y p e  o f  i n s e r t i o n  w h i c h  i s  m o r e  p r o m i n e n t ,  b u t  n o t  b a s i c a l l y  
d i f f e r e n t  t o  t h a t  s e e n  s o  f a r .  T h e  f i l a m e n t  b a s e  a p p e a r s  
i n  l o n g i t u d i n a l  s e c t i o n  t o  b e  a t r i a n g u l a r  e l e c t r o n  d e n s i t y
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a b u t t i n g  on the o u t e r  l e a f l e t  of the plasma membrane (F igs .  
44a ) .  Grazing s e c t i o n s  of the s u r f a c e  of m i c r o v i l l i  r evea l  
d o t s  of s i m i l a r  appearance .
No sys t ema t i c  measurements of m i c r o v i l l u s  length  have 
been made in  t h i s  s tudy .  In r a t ,  the  maximum he igh t  of 
m i c r o v i l l i  was approx imate ly  1 . 4 - 1 .5  u .  In r a b b i t ,  however,  
c o n s i s t e n t l y  h i g h e r  m i c r o v i l l i  r anging between 2 u - 3.3 u 
were seen.  These are  d i f f i c u l t  to measure,  s i n c e  adequate  
o r i e n t a t i o n  i s  r a r e .  Kraehenbuhl , Gloor and Blanc (1966) 
g ive  a va lue  3 -3 .5  u for  m i c r o v i l l u s  l eng th  in  a d u l t  r a b b i t .  
The evidence  sugges t s  a sp e c i e s  d i f f e r e n c e .
The desmosomal t o n o f i 1 aments a t  p a r a n u c l e a r  l e v e l s  o f t e n  
form d i s c r e t e  bundles  running p a r a l l e l  to the plasma membrane.
A s t r i k i n g  number of coa ted  v e s i c l e s  i s  p r e s e n t  in  the 
Golgi  complex of e n t e r o c y t e s  ( F ig .  45a) a f t e r  g l u t a r a l d e -  
hyde p r e f i x a t i o n .  Most of t hese  are found c l o s e  to the Golgi  
c i s t e r n a e ,  The l a r g e r  v e s i c l e s  c on t a i n  m a t e r i a l  of i n c r e a s e d  
e l e c t r o n  d e n s i t y  and seem to be t r a n s i t i o n a l  to the s m a l l e s t  
cytosomes,  b e l i e v e d  to r e p r e s e n t  pr imary lysosomes.  S l i g h t l y  
l a r g e r  cytosomes show v e s i c u l a r  a r eas  of  dec reased  e l e c t r o n  
d e n s i t y ,  which become more prominent  wi th  i n c r e a s i n g  s i z e .
The f u l l y  developed s t r u c t u r e  w i l l  be d e s c r i b e d  l a t e r  in 
the c r y p t  e p i t h e l i u m .
There i s  an apparent  s p e c i e s  d i f f e r e n c e  in  the o c c u r r ­
ence of m a t e r i a l  which i s  thought  to be the product  of
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cytoplasmic degradative processes. In the rat, larger 
residual bodies are observed in moderate numbers (Fig. 45b).
In rabbit, material of a less condensed polymorphous appear­
ance occurs with a much higher frequency and in larger amounts. 
These accumulations are usually located in a supranuclear 
position and when sufficiently large, deform the nuclear 
contours. The limiting membrane is usually seen around 
segments of the perimeter (Fig. 46a). The contents have an 
irregular pleiomorphic appearance, but the components are 
basically the same. They consist of lipid droplets (Fig*
46b) and non-homogeneous dense bodies (Fig. 46a) and membranes 
which usually form several concentric layers or short stacks 
around them (Figs. 46a; 46b). The matrix between these
structures is in part, extracted. In some instances, the 
membrane arrangement suggests mitochondrial remnants which 
contain clumps of dense material (Fig. 46a). This appear­
ance leaves little doubt that the material is predomin­
ately lipid in character. Some membranes are likely to be 
derived from amorphous lipid while others may be the res­
idues of organelles.
It is difficult to explain the absence of earlier form­
ative stages which would be recognisable cytolysomes. This 
may be associated with the rapidity of the degradation.
The appearance of enterocyte nuclei after glutaraldehyde 
prefixation has not been described so far. The peripheral
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concentration of chromatin is rather variable but mostly 
slight. There is a fair amount of nucleolus-associated 
chromatin present. Perichromatin granules are prominent.
In normal tissue, degeneration of enterocytes was not 
often seen but showed fairly characteristic features (Figs. 
47a; 47b). The electron density of the cytoplasmic matrix
is decreased, microvilli of the brush border are constantly 
and uniformly increased in width and decreased in length so 
that they do not reach the height of those of neighbouring 
cells. In other instances, the apex of the affected cell 
and is partially superposed by projections of neighbouring 
cells. Straight bundles of filaments in the cytoplasm of deg­
enerating cells are constantly present (Figs. 47b; 47c).
Mitochondria may appear dense, as in rabbit, while in rat, 
swelling was seen. Later stages of cell extrusion were not 
ob served•
It is difficult to compare these observations with the 
bibliography since degenerating cells have been rarely given 
attention (e.g. Ito, 1965a). The degenerating enterocytes 
observed by David (1967) in the process of desquamation were 
pyknotic. Kraehenbuhl, Gloor and Blanc (1966) described in 
rabbit intestine "cellules claires" with short microvilli 
and distinguished them by the absence of nuclear pyknosis 
from degenerating cells to be extruded. Similar cells
observed in this study are thought retrogressive, though the
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nucleus appears normal. In rat the signs of degeneration 
are obvious.
Crypt epithelium:
In rat, in addition to features described by others, 
glutaraldehyde prefixation reveals frequent bundles of tono- 
filaments in association with desmosomes (Fig. 48). The 
desmosomes are of normal structure but occasionally reach 
more than 0.5 u in length (Fig. 49). An unusual observation 
is the presence of tight junction at cell base (Fig. 50d) .
In the apical portion of the cell, frequent dense homo­
geneous granules of ovoid or ellipsoid shape are present 
(Fig. 49). These are bounded by a single membrane and their 
dimensions vary approximately between 75-150m u. No signs 
of secretion were observed. They are believed to be primary 
lysosomes. In addition, larger cytosomes of a typical appear­
ance are frequently seen in thesupranuc1 ear cytoplasm. The 
size varies usually between 230m u to 350m u. The greatest 
dimension seen was 1 u. The shape is usually almost cir­
cular. The "unit" membrane-bounded cytosomes contain moder­
ately electron dense homogeneous matrix in which are embedded
oless dense vesicles, several hundred A in diameter. Many 
vesicles contact each other. The greater the number, the 
closer the apposition of vesicles and the reduction of the 
matrix (Fig. 49). "Multivesicular cytosomes" of the same
appearance are frequently seen also in the mature entero- 
cytes (c.f. Fig. 43), where they frequently occur beneath the
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t e r m i n a l  w e b ,  A s i m i l a r  s t r u c t u r e  name d  t h e  " a p i c a l  l y s o -  
some" w a s  i l l u s t r a t e d  b y  C a r d e i l ,  B a d e n h a u s e n  and P o r t e r  
( 1 9 6 6 )  a n d  r e p o r t e d  t o  h a v e  some r e l a t i o n s h i p  t o  p i n o c y t o s i s .  
Th e  r a b b i t  c r y p t  e p i t h e l i u m  h a s  c o n s i s t e n t l y  d i f f e r e n t  
a p p e a r a n c e  t o  t h a t  o f  t h e  r a t  b e c a u s e  o f  t h e  h i g h  n u m b e r s  
o f  e l e c t r o n  d e n s e  h o m o g e n e o u s  g r a n u l e s  ( F i g ,  5 0 a ) , T h e y  
a r e  c i r c u l a r ,  e E i p t i c a l  o r  o r  d r o p - s h a p e d  an d  o f  v a r i a b l e  
d i m e n s i o n s ,  w i t h i n  t h e  r a n g e o f  1 0 0 - 2 0 0 m  u .  Q u i t e  f r e q u e n t l y ,  
s i m i l a r  m e m b r a n e  b o u n d e d  g r a n u l e s  a r e  s e e n  w i t h i n  t h e  n u c ­
l e u s .  I n  t h i s  p o s i t i o n ,  h o w e v e r ,  some g r a n u l e s  r e a c h  
g r e a t e r  s i z e  an d  a p p e a r  l e s s  e l e c t r o n - d e n s e .  I n  a d d i t i o n  
t o  g r a n u l e s ,  s o m e  n u c l e i  c o n t a i n  u n i d e n t i f i e d  c i r c u l a r
p r o f i l e s  o f  m e m b r a n e s  and c l u s t e r e d  i r r e g u l a r  d e n s e  p a r t -
o
i c l e s  s e v e r a l  h u n d r e d  A i n  s i z e  ( F i g .  5 0 b ) . I n  t h e  l a t e  
t e l o p h a s e ,  t h e  p o s i t i o n s o f  g r a n u l e s  s u g g e s t  t h a t  t h e s e  may  
b e  e n t r a p p e d  w i t h i n  t h e  r e f o r m i n g  n u c l e u s  ( F i g .  5 0 c ) .
N e i t h e r  t h e  n a t u r e  n o r  t h e  mode  o f  e l a b o r a t i o n  o f  t h e  g r a n ­
u l e s  i s  k n o w n .  T h e r e  i s  a t  p r e s e n t  no  e v i d e n c e  o f  t h e i r  
s e c r e t o r y  n a t u r e ,  w h i c h  m i g h t  b e  s u g g e s t e d  b y  an a n a l o g y  
t o  T r i e r ’ s o b s e r v a t i o n s  o f  hum an c r y p t  e p i t h e l i u m . ( 1 9 6 3 ;  1 9 6 4 ) .
G o b i e t  c e l l s ;
G o b l e t  c e l l s  i n  n o r m a l  c o n t r o l  a n i m a l s  w e r e  e x a m i n e d  i n  
o r d e r  t o  c o m p a r e  t h e i r  a p p e a r a n c e  a f t e r  g l u t a r a l d e h y d e  p r e ­
f i x a t i o n ,  s i n c e  t h e  b i b l i o g r a p h y  i s  l a r g e l y  d e f e c t i v e  o n  
t h i s  p o i n t .  T h e  d e n s i t y  o f  t h e  c i s t e r n a l  c o n t e n t  o n l y  r a r e l y
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equals or slightly exceeds that of the cytoplasmic matrix 
(Fig. 51c). Mucus contained in granules appears more finely 
precipitated than the substance contained within cisternae 
of the endoplasmic reticulum (Fig. 51a). Occasionally, 
dilated cisternae appear almost empty without the cell 
being depleted of mucous granules (Fig. 51b). The cyto­
plasmic matrix contains sparse bundles of tonofi1 aments.
The filaments of the fuzzy layer appear identical to those 
in absorptive cells (Fig. 44b).
Paneth cells:
Paneth cells in the rat contain frequent myelinic fig­
ures and cytosomes (Fig. 52); in rabbit, Paneth cells con­
tain inclusions of a striking appearance which have not been 
described before. Although inclusions were seen in all 
locations, they occurred most frequently near the cell base 
(Fig. 53). The number and size vary considerably in indiv­
idual cells; the largest measured up to 6-7 u in diameter* 
The smaller inclusions are roughly circular or irregularly 
rounded and approximately 1.O u in diameter. Most of the
inclusions were bounded by a trip1e-1ayered membrane about 
o
80A in thickness (Fig. 56), while only segments of a limit­
ing membrane were seen around the larger inclusions. Where 
cells contained many inclusions, some of these were formed 
by myelinic figures without a surrounding membrane (Fig. 53, 
asterisk).
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The i n c l u s i o n s  c o n s i s t  of two main components a r r anged
t o g e t h e r  wi thout  apparent  r e g u l a r i t y  and cut  in  d i f f e r e n t
p l a n e s  and a n g l e s .  In  the small  i n c l u s i o n s ,  the components
are  packed c l o s e l y  t o g e th e r  (F ig .  54) ,  wh i l e  in  the l a r g e r ,
the arrangement  was u s u a l l y  l o o s e r .  The f i r s t  component
c o n s i s t s  of  l a m e l l a t e d  c y l i n d r i c a l  bod ies  (F ig .  55) of  the
same appearance  as those  in  macrophages of the lamina p r o p r i a .
The t h i c k n e s s  of the  l ame l l ae  and of  the l e s s  dense spaces
o
i s  p r a c t i c a l l y  the  saune as in  macrophages:  30-40A and
o
15-20A r e s p e c t i v e l y .  In most c a s e s ,  l a m e l l ae  a re  a r ranged  
in  a c o n c e n t r i c  f a sh ion ,  as in  macrophages.  O c c a s i o n a l l y ,  
however,  the  whole c y l i n d e r  i s  formed by a con t inuous  lam­
e l l a  i n  the  form of a t i g h t  s p i r a l  (F ig .  55 i n s e r t ) .  Very 
r a r e l y  a form i s  observed where bo th  the l am e l l ae  a r e  fused 
t o g e t h e r  a t  the i n n e r  end of the  s p i r a l .  When cut  l ong­
i t u d i n a l l y ,  the c y l i n d e r s  appear  e i t h e r  as r e c t a n g u l a r  
p r o f i l e s  or  e l s e  t a p e r  g r a d u a l l y .
The second component i s  r e p r e s e n t e d  by t u b u l e s ,  a g a in  
i d e n t i c a l  i n  appearance to those  in  t he  macrophages ( F ig .
56) .  In t r a n s v e r s e  s e c t i o n s ,  the groups of  tubu le s  a re  
a r r anged  in  hexagonal  a r r a y  (F i g .  55) .  In o b l i q u e  and 
l o n g i t u d i n a l  s e c t i o n ,  the c l e a r  spaces  i n  the  w a l l s  and 
lumen of  the t u b u le s  a re  made i n d i s t i n c t  by s e c t i o n  geom­
e t r y  and the  whole a r r a y  appears  as a r e t i c u l a r  network o r
banded s t r u c t u r e  (Fig .  56) .  In some i n c l u s i o n s ,  t ubu le s
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form small  groups or  l i e  in  i s o l a t i o n .  In such cases  t h e i r  
course  i s  not  s t r a i g h t ,  but  bent  in  p l a c e s  at  wide an g l e s .  
O c c a s i o n a l l y ,  connec t ions  between the c y l i n d e r s  and t ubu le s  
a re  seen.  These connec t ing  s t r u c t u r e s  resemble segments 
of unfo lded  l a m e l l a e .  In  p l a c e s ,  f u s io n  of p e r i p h e r a l  lam­
e l l a  wi th  the o u t e r  l a y e r  of a t u b u l a r  wa l l  i s  seen.  This  
a l s o  occur s  in  the r a r e  i n s t a n c e s  where the t ubu le  i s  seen 
to be w i t h i n  the  lumen of a c y l i n d e r  (F ig .  56, a r row) .
The sma l l e r  i n c l u s i o n s  a re  bounded by a u n i t  membrane 
and resemble  lysosomes c o n t a i n i n g  p a r a c r y s t a l 1ine s t r u c t u r e s .  
Whether ,  however,  t he se  i n c l u s i o n s  have a cor re spond ing  
enzymatic equipment remains to be de te rmined .  The s t r u c t u r e  
of  the components,  s i m i l a r  to those  in  macrophages,  sugges ts  
t h a t  they  c o n t a in  l i p i d s .  The s p i r a l  c o n f i g u r a t i o n  of  some 
c y l i n d e r s  and the hexagonal  ar rangement  of t ubu les  i s ,  
however,  more obvious in  Pane th  c e l l s .  The s p i r a l  a r r a n g e ­
ment i s  very s i m i l a r  to t h a t  d e s c r i b e d  in  " c y l i n d e r s "  of  
s i m i l a r  d imensions  in  rmcrophages (A t h a n a s s i a d e s , Herman 
and Hennigar ,  1965) and mast c e l l  g r a n u le s  (Weinstock and 
A l b r i g h t ,  1967).  The s u b s t r u c t u r e  of  the s p i r a l s  in  Pane th  
c e l l s  i s  d i f f e r e n t  however,  s i nce  i t  l a c k s  c l e a r  " d o t t i n g " .  
Hexagonal  phases  a re  formed by some l i p i d s  or  l i p o p r o t e i n s  
(Luzza t i  and Husson,  1962; S t o e c k e n i u s ,  1962; M i l l e r ,
I 9 6 I) but  lack the t u b u l a r  s t r u c t u r e  observed in  some l i p i d s  
by Thomas and Sheldon (1964) .
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The significance of the inclusions in Paneth cells 
remains to be elucidated. Their similarity to material 
within the macrophages suggests cytoplasmic degradation as 
a source of material, although this was not observed. The 
presence of inclusions does not seem to interfere with 
elaboration of secretory granules.
Argentaffin cells:
Argentaffin cells possess few additional features to
those reported in the bibliography. In both species after
glutaraldehyde prefixation there are constantly present
o
filaments approximately 60-S0A in diameter (Fig. 57) which 
form bundles interspersed between granules or running 
parallel to the cell surface. The cytoplasmic matrix con­
tains many free ribosomes. Differences in the density of 
granules and their non-homogeneous appearance are infre­
quently seen (Fig. 57, insert), while variations in shape 
and size are consistently present (Fig. 57). In a few cells, 
accumulations of glycogen in the cytoplasmic matrix were 
seen. A very rare appearance of argentaffin cells is 
illustrated in Fig. 58. The cytoplasm is unusually dense 
and contains few lipid droplets. The membrane limited 
spaces around granules are dilated and mitochondria are 
somewhat swollen. These changes are believed to be deg­
enerative •
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M i g r a t o r y  c e l l s  i n  t h e  e p i t h e l i a l  l a y e r ;
M i g r a t i n g  c e l l s  a r e  s e e n  v e r y  f r e q u e n t l y  i n  t h e  e p i t h e l ­
i a l  l a y e r .  T h e i r  n u m b e r  i s  c o n s i s t e n t l y  h i g h e r  i n  r a b b i t .  
L y m p h o c y t e s  a c c o u n t  f o r  t h e  g r e a t  m a j o r i t y  o f  t h e s e  c e l l s .  
T h e y  do n o t  s how a n y  c h a n g e s  o f  a p p e a r a n c e  w h e n  c o m p a r e d  
w i t h  t h o s e  i n  t h e  l a m i n a  p r o p r i a  ( F i g .  5 9 ) .  T h i s  i s  c o n t r a r y  
t o  t h e  o b s e r v a t i o n s  o f  A n d r e w  ( 1 9 6 5 ) .  C e l l  p r o c e s s e s  p a s s ­
i n g  t h r o u g h  t h e  g a p  i n  t h e  b a s e m e n t  m e m b r a n e  a r e  n o t  s e e n  
f r e q u e n t l y  and n e i t h e r  t h e s e  n o r  t h e  b a s e m e n t  m e m b r a n e  show  
a n y  a b n o r m a l i t i e s  ( F i g .  2 9 b ) .  T h e  s h a p e  o f  l y m p h o c y t e s  
b e t w e e n  t h e  e p i t h e l i u m  i s  r a t h e r  i r r e g u l a r .  M a c r o p h a g e s  a r e  
o c c a s i o n a l l y  s e e n  i n  t h i s  l o c a l i t y  and do n o t  e x h i b i t  
u n u s u a l  f e a t u r e s  ( F i g .  6 0 a ) .
S o me  m i g r a t o r y  c e l l s  a r e  d e g e n e r a t i n g  and  t h e i r  t y p e  
c a n n o t  b e  i d e n t i f i e d  w i t h  c e r t a i n t y .  M o s t  o f  t he m a r e  l i k e l y  
t o  b e  l y m p h o c y t e s .  Some  f e a t u r e s  o f  d e g e n e r a t i o n  a r e  
i n c r e a s e d  d e n s i t y  o f  t h e  r e m a i n i n g  c y t o p l a s m i c  m a t r i x ,  
s w e l l i n g  and r e l a t i v e  c o n c e n t r a t i o n  o f  m i t o c h o n d r i a  and  
s e p a r a t i o n  o f  n u c l e a r  c o m p o n e n t s  ( F i g .  6 0 b ) .  T h i s  n u c l e a r  
c h a n g e  r e s e m b l e s  t h a t  s e e n  i n  l y m p h o c y t e s  o f  i n v o l u t i n g  
t hy mu s  ( Cowan and S o r e n s o n ,  1 9 6 4 ) .  D i f f e r e n t  t y p e s  o f  d e g ­
e n e r a t i o n  ( F i g .  2 9 a )  a p p e a r  a s  f i n e  f l o c c u l a t i o n s  o f  g r o u n d  
c y t o p l a s m  w i t h  d e c r e a s e d  d e n s i t y .  R e c o g n i s a b l e  c i s t e r n a e  
o f  t h e  e n d o p l a s m i c  r e t i c u l u m  s how c l o s e  a p p o s i t i o n  t o  m i t o ­
c h o n d r i a  w h i c h  h a v e  d i s i n t e g r a t e d  i n n e r  m e m b r a n e s .  D e n s e
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granules, probably ribosomes, are clustered in the cytoplasm 
or are irregularly attached to vesicular profiles. Rounded, 
homogeneous masses, limited by membranes, are probably 
remnants of nuclear material.
Degenerating cells of this appearance are consistently 
seen only in the extracellular space.
In very rare cases, degenerated masses occur as inclus­
ions in the crypt epithelium. Their relation to the cell 
cannot be determined with certainty from a single section. 
The inclusion seen in Fig. 6l contains only clumped coarse 
granules, suggesting a degenerated nucleus and irregular 
membranes. A less likely interpretation is that this body 
is a cytolysome.
Addendum:
In rabbit, lipid material occurs more frequently than in 
rat and often appears to be a product of cytoplasmic degrad­
ation, although the origin is difficult to demonstrate.
The increased storage in rabbit mucosa suggests the poss­
ibility of species difference which cannot be decided mor- 
phologically.
Intestine is known to possess a considerable degree of 
cholesterol synthesis. Since sterol synthesis is associated 
with smooth endoplasmic reticulum in steroid-secreting 
glands and in the liver (Christensen, 1965; Jones and 
Fawcett, 1966) it was thought to be of interest to attempt
1 1 7 .
i t s  l o c a l i s a t i o n  in  i n t e s t i n e .  No c e l l s  showing s t r i k i n g  
development of  smooth endoplasmic r e t i c u l u m  were found.
I t  i s  thought  t h a t  an e n t e r o c y t e  may be capab le  of  t h i s  
func t i o n •
The co n t e n t  of  the c r y p t s  and i n t e r v i l l o u s  spaces was 
s t u d i e d  in  o r d e r  to p rov ide  a b a s i s  fo r  comparison of  p a t h ­
o l o g i c a l  m a t e r i a l  in  r a t .  In the  c ryp t  lumen, numerous 
b a c t e r i a  a re  p r e se n t  which do not  show any c l o s e  r e l a t i o n s  
to the  c e l l  s u r f a c e .  F u r t h e r  s t r u c t u r e s ,  r a r e l y  encountered
in  c r y p t s  and very  v a r i a b l e  i n  d i s t r i b u t i o n ,  a r e  p e c u l i a r
o
c r y s t a l s ,  w i th  an o b l iq u e  p e r i o d i c i t y  of  70-90A. T h e i r  
n a t u re  is  unknown. P a r a s i t i c  p ro to z o a  a r e  seen f r e q u e n t l y  
in  i n t e r v i l l o u s  spaces and the  lumen of the c r y p t s .  T he i r  
u 1t r a s t r u e t u r a l  appearance  i s  very s i m i l a r  to F r i e n d ' s  
d e s c r i p t i o n  (1966) of g i a r d i a  m u r i s . In  a normal r a t ,  the  
p re se n c e  of t he se  p a r a s i t e s  i s  not  a s s o c i a t e d  wi th  any 
u 1t r a s t r u e t u r a l  change of  e p i t h e l i u m .
Fine  s t r u c t u r e  of t e l a  submucosa, t u n i c a  m u s c u l a r i s  and
t u n i c a  s e r o s a :
The c e l l s  of the i n t e s t i n a l  wa l l  appear  s i m i l a r  to those  
d e s c r i b e d  e l sewhere .  E l e c t r o n  mic roscop ic  examinat ion  
supplements some r e l a t i o n s h i p s  too d e t a i l e d  f o r  l i g h t  
mic ro scopy.
The most f r equen t  c e l l  type in  the  submucosa i s  the 
f i b r o c y t e  (F ig .  62a ) .  Most of the submucosa c o n s i s t s  of
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bundles  of c o l l a g e n  f i b r i l s  i n t e r s p e r s e d  wi th  t h i n  f i b r o -  
cy t e  p r o c e s s e s  s i m i l a r  to those  d e s c r i b e d  by P o r t e r  (1964) .  
C e l l s  w i th  more prominent  s y n t h e t i c  equipment were seen in  
p e r i v a s c u l a r  p o s i t i o n s .  Such a c t i v e  f i b r o b l a s t s  may have 
a c i l i u m  (Fig .  28b).  Lymphatic c a p i l l a r i e s ,  which a r e  num­
e rous ,  e x h i b i t  d i f f e r e n t  deg rees  of  pa tency ;  where the lumen 
i s  c o l l a p s e d  i t  narrows in p l a c e s  beyond the r e s o l u t i o n  of
l i g h t  microscopy (F ig .  62a) .  E n d o t h e l i a l  c e l l  p r o c e s s e s
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are  q u i t e  narrow,  be ing only 500 -1 ,OOOA in  t h i c k n e s s  (Fig .  
62b) .
Some p i n o c y t o t i c  v e s i c l e s  or caveo lae  reach  almost  
300m u in  d i a m e t e r .  O c c a s i o n a l l y  small  caveo lae  show a 
dense c o a t i n g .  The endoplasmic r e t i c u lu m ,  u n l i k e  t h a t  of 
the endothel ium of mucosa l a c t e a l s ,  forms v e s i c u l a r  p r o f i l e s .  
The endothel ium of submucosal lymphat ic  v e s s e l s  l i e s  d i r ­
e c t l y  upon conn e c t iv e  t i s s u e  and the basement membrane is  
a b se n t .  Col lagen  f i b r i l s  may be i n  the  immediate v i c i n i t y  
of  the plasma membrane (F ig .  62b) .  In  o t h e r  p l a c e s  a t h i n  
l a y e r  c o n t a in i n g  connec t ive  t i s s u e  m i c r o f i b r i l s  (Low,
1962) i n t e r v e n e s  (F ig .  62c) .  Sometimes poo r ly  d e f i n e d  
e x t r a c e l l u l a r  m a t e r i a l  observed nea r  the c e l l  s u r f a c e  co­
i n c i d e s  w i th  i n t r a c e l l u l a r  d e n s i t y  s u b j a c e n t  to the  plasma 
membrane (F ig .  62b, a r row) .  These s t r u c t u r e s  a re  b e l i e v e d  
to b e  hemidesmosomes which were r e c e n t l y  d e s c r i b e d  in  
lymphat ics  (Leak and Burke,  1966).  Thin p r o c e s s e s  of
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f i b r o c y t e s  which run p a r a l l e l  to the  endothel ium a re  sep­
a r a t e d  by a t h i n  l a y e r  of f i b r i l s  (F ig .  62b) .  They a re  
c o n s i s t e n t l y  d i s t i n g u i s h e d  by means of t h i s  from ove r l apped  
endothel ium p r o c e s s e s .  Small e l a s t i c  f i b r i l s  r a r e l y  occur  
between the  endothel ium and the c o l l a g e n .
Blood v e s s e l s  in  the submucosa a re  r e p r e s e n t e d  by a r t e r ­
i o l e s  and small  v e i n s .  The s m a l l e s t  v e s s e l s  observed have 
a very  s i m i l a r  appearance to t hose  p e r i c a p i 11 ary v e s s e l s  
d e s c r i b e d  in  the  lamina p r o p r i a  (F ig .  28a) .  The l a y e r  of 
c o n n e c t iv e  t i s s u e  which s e p a r a t e s  a r t e r i o l e s  from enshea th ing  
lymphat ics  c o n t a in s  p r o c e s s e s  of f i b r o c y t e s  (F ig .  63a) w i th  
the  appearance  of " v e i l  c e l l s "  (Majno, 1965).  T h e i r  t h i n ­
ness  i s  in  p l a c e s  beyond the  r e s o l u t i o n  of l i g h t  microscopy.  
The small  v e in s  (F ig .  63b) c o n t a i n  a s i n g l e  l a y e r  of l ong ­
i t u d i n a l l y  o r i e n t e d  smooth muscle c e l l s  r e p r e s e n t i n g  media 
sur rounded by co l l a g e n  and a d i s c o n t i n u o u s  l a y e r  of f i b r o ­
b l a s t i c  p r o c e s s e s .  There may be f a i r l y  wel l  developed 
e l a s t i c  f i b r i l s  p r e s e n t .
Nerve f i b r e s  forming l a r g e r  p l e x u s e s  almost  i n v a r i a b l y  
c o n ta in  Schwann c e l l s  though the shea th  i s  sometimes 
incomple te ;  o th e r w i s e  they a r e  s i m i l a r  to those  in  the  lam­
ina  p r o p r i a  (F ig .  25a) .
F ine  s t r u c t u r e  of smooth muscle  c e l l s  and ne rves  i n  the  
t u n i c a  m u s c u l a r i s  i s  s i m i l a r  to t h a t  d e s c r i b e d  in  the b i b ­
l i o g rap h y  ( c f .  F ig .  64b) and hence only  a d d i t i o n a l  o b s e r v a t i o n s
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a re  r e c o rd ed .  General  r e l a t i o n s  of  smooth muscle c e l l s  in
our m a t e r i a l  a re  c h a r a c t e r i s e d  by the  p a u c i t y  of t h e i r
c l o s e  c o n t a c t s .  T igh t  j u n c t i o n s  (nexuses)  were not  observed .
o
The i n t e r c e l l u l a r  gap i s  in  na r rowes t  p l a c e s ,  250-350A 
in  wid th  and i s  f r e q u e n t l y  b i s e c t e d  by a dense  l i n e  which 
v a r i e s  in  t h i c k n e s s  and show d i s c o n t i n u i t i e s .  In  these  
p l a c e s  of c o n t a c t ,  dense a r e a s  are  c o n s t a n t l y  p r e s e n t  beneath  
the  plasma membrane of both c e l l s .  O c c a s i o n a l l y  such a 
j u n c t i o n  ex tends  over  a c o n s i d e r a b l e  l eng th  and i t s  course  
i s  wavy (F ig .  64c) .  Around most of the  c e l l  p e r i m e te r  
c o l l a g e n  i n t e r v e n e s  between both  basement membranes. The 
c o l l a g e n  f i b r i l s  have i n c o n s i s t e n t  s t a i n i n g  c h a r a c t e r i s t i c s  
( c f .  F i g s .  64a; 64d) and appear  more f r e q u e n t l y  in  n e g a t i v e
c o n t r a s t .  Somewhat t h i c k e r  bundles  of c o l l a g e n  f i l l  the 
i n t e r c e l l u l a r  space nea r  p l a c e s  where t h r e e  c e l l s  meet .  
Taper ing  p r o c e s s e s  or the  ends of  c e l l s  which bordered  such 
i n t e r c e l l u l a r  spaces  showed r e d u c t i o n  of  myofi lament  den­
s i t y  and f r e q u e n t l y  con t a in e d  p i n o c y t o t i c  v e s i c l e s  (F ig .
6 4 d ) . The f i b r o b l a s t s  were observed only nea r  c a p i l l a r i e s  
(F ig .  64a) and c lo s e  to nerve  p l e x u s e s  (F ig .  64b).  The 
i d e n t i t y  of f i b r o b l a s t  and i n t e r s t i t i a l  c e l l  i s  confi rmed 
in  th£s  m a t e r i a l .
Segments of basement membranes shared by endothel ium 
and smooth muscle  c e l l  a r e  r a r e l y  obse rved .
Small  nerve  f i b r e s  between muscle c e l l s  a re  very  s p a r s e ,
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and a r e  seen  i n  i n t e r s t i t i a l  space  which i s  c o n t i n u o u s  w i t h  
the c a p i l l a r y  ( F i g ,  64 a ) ,  Schwann c e l l s  o c cu r  on ly  where 
l a r g e  numbers of  axons a r e  p r e s e n t ,  which i s  r a r e l y  s een  
( F i g .  65a)o
The components  of Aue rbac h1s p l e x u s  a r e  c ompa c t l y  
a r r a n g e d  ( F i g s ,  65b; 66) and s e p a r a t e d  from t u n i c a  m u s c u l a r i s
by basement  membranes super imposed  by f i b r o b l a s t s  and 
c o l l a g e n .  The number of  p r o c e s s e s  w i t h i n  a p l e x u s  which 
show a c c u m u l a t i o n  of  v e s i c l e s  a n d / o r  membrane s p e c i a l i s a t i o n s  
s u g g e s t i n g  synapses  i s  r e l a t i v e l y  s m a l l .  N o n - n e u r o n a l  
e l e m e n t s  o c c u r  i n  t he  p e r i p h e r y  o f  t he  p l e x u s  ( F i g .  6 6 ) .  
Neurons  d i d  no t  show an o r d e r l y  a r r a ngem e n t  of t he  numerous 
c i s t e r n a e  of rough endop lasmic  r e t i c u l u m ;  o t h e r w i s e  the  
f i n e  s t r u c t u r a l  f e a t u r e s  a r e  t y p i c a l  o f  n e r v e  c e l l s  ( F i g .
67) .
M e s o t h e l i a l  c e l l s  ( F i g .  68a) form long t h i n  m i c r o v i l l i  
p r o j e c t i n g  i n t o  t h e  p e r i t o n e a l  c a v i t y .  O r g a n e l l e s  i n  t h e s e  
c e l l s  a r e  n o t  p rominent  b u t  p i n o c y t o t i c  v e s i c l e s  a r e  
f a i r l y  f r e q u e n t .  Desmosomes and basement  membranes a r e  
p r e s e n t ,  S u b s e r o s a l  c o n n e c t i v e  t i s s u e  was o b s e r v e d  i n  
s i g n i f i c a n t  q u a n t i t y  o n l y  i n  r a b b i t .  F i b r o c y t e s ,  form 
t o r t u o u s  t h i n  p r o c e s s  ( F i g .  68b) .  Lymphat ic  v e s s e l s  and 
n e r v e  f i b r e s  a r e  s i m i l a r  to those  i n  t h e  submucosa.
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CHAPTER 5
REVIEW OF THE LITERATURE - 
PATHOLOGICAL SMALL INTESTINE
The c h i e f  d i f f i c u l t y  in  r ev iewing  the l i t e r a t u r e  d e a l ­
ing w i th  p a t h o l o g i c a l  u l t r a s t r u c t u r e  i s  the lack  of a 
s y s t e m a t i s e d  c l a s s i f i c a t i o n  on the  c e l l u l a r  l e v e l .  The 
c l a s s i f i c a t i o n  used in  gene ra l  pa tho logy  can be app l i ed  
only  to a l i m i t e d  e x t e n t .  For  the  purpose  of review i t  i s  
u s e f u l  to adhere  to ae t i o l o g i c a l  c r i t e r i a .  Exper imenta l  
s t u d i e s  u s ing  e l e c t r o n  microscopy were c o n c e n t r a t e d  most ly  
upon the  s tudy of the e p i t h e l i u m .
Many v a r i o u s  subs tances  have been s t u d i e d  e x p e r i m en t a l l y  
in  t h e i r  e f f e c t  upon i n t e s t i n a l  e p i t h e l i u m  when being 
absorbed .  While t hese  f i n d i n g s  p e r  se p rov ide  some impor t ­
ant  i n fo rm a t i o n ,  t h e i r  r e l a t i o n  to the  n a t u r a l  c o n d i t i o n s  
of  a b s o r p t i o n  remains to be de te rmined  ( T r i e r  and Rubin,  
1965),  s ince  the exper imental  c o n d i t i o n s  d e v i a t e  g r o s s l y  
from the  normal .
S t r i k i n g  c e l l u l a r  changes a re  seen a f t e r  the  i n s t i l l ­
a t i o n  of hypotonic  s o l u t i o n s  i n to  the  segment of  an i n t e s t ­
i n e .  D i s t i l l e d  wa te r  causes  gene ra l  swe l l ing  of c e l l s  w i th  
d i l a t a t i o n  of the endoplasmic r e t i c u l u m  and m i to c h o n d r i a .  
E x t r a c e l l u l a r  spaces a re  wide ly  d i l a t e d  (Ruska,  1960; 
W i l l i a m s ,  1963).  In v i t r o ,  m i c r o v i l l i  were found to be
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s h o r t e r  and wider  or f ragmented and v e s i c u l a t e d .  ( M i l l i n g t o n  
and F inean ,  1962).  A f t e r  hypotonic  s a l i n e  t r e a t m e n t ,  t h e r e  
was an i n i t i a l  i n c r e a s e  in  the l e n g th  of the m i c r o v i l l i .
At a l a t e r  s t a g e ,  b l i s t e r - l i k e  d i l a t a t i o n s  of the space 
e x t e r n a l  to the m i c r o v i l l u s  core  were seen.  This  change 
i s  e s s e n t i a l l y  the same as t h a t  observed dur ing  simple 
a u t o l y s i s ,  but  more r a p id .
The changes seen a f t e r  h y p e r to n i c  s a l i n e  were comple te ly  
o p p o s i t e  to those  a f t e r  hypotonic  s o l u t i o n s .  Shr inkage  of  
c e l l s ,  i n c l u d i n g  o r g a n e l l e s  o c c u r s .  In v i t r o ,  o b s e rv a t i o n s  
p a r a l l e l  in  vivo i n s t i l l a t i o n  s t u d i e s .  D i l a t a t i o n  of  c i s -  
t e rn a e  of the endoplasmic r e t i c u l u m ,  Golgi  complex and m i t o ­
c h o n d r i a  occurs  a f t e r  the a c t i o n  of many s ubs t ances  (Ruska,  
1961; L i schka ,  1962; B i r k h o f f ,  1962; Ruska,  1962;
W i l l i a m s ,  1963).  Al though i n d i v i d u a l  o r g a n e l l e s  may be 
a f f e c t e d  in  a d i f f e r e n t  degree  and to a v a r i a b l e  e x t e n t ,  
the a l t e r a t i o n s  a re  not  s p e c i f i c .  The subs tances  t e s t e d  
inc luded  K , Ca++, Mg * ,  Cl , OH , ch lo roform,  d i e t h y l  e t h e r , 
d e t e r g e n t s ,  a lcoho l  and ace tone .  Some su b s t a n c e s ,  such as 
t r y p s i n ,  g lu co se ,  suc rose ,  s t a p h y l o c o c c a l ,  e n t e r o t o x i n ,  
tween 80, and d i l u t e  e th a n o l ,  were not  found to cause any 
a p p r e c i a b l e  change.
A number of r e p o r t s  dea l  w i th  f i n e  s t r u c t u r a l  e f f e c t s  
of agen t s  which i n t e r f e r e  w i th  c e l l  p r o l i f e r a t i o n .  The
p a t t e r n  of e p i t h e l i a l  r ep lacement  p r o v id e s  an o p p o r t u n i t y
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to s tudy the  l a t e  e f f e c t s  of t h e s e  agents  upon c e l l  ma tu r ­
a t i o n .  Ear l y  s t r u c t u r a l  a l t e r a t i o n s  a f t e r  X - i r r a d i a t i o n  
were  observed both in  mature e n t e r o c y t e s  and the crypt  
e p i t h e l i u m  (Q ua s t l e r  and Hampton, 1 9 6 2 ;  D e t r i c k ,  L a t t a ,  
Upham and McCandless,  1 9 6 3 ;  Braun,  1 9 6 0 ;  Hugon, Mai s in  
and B o rg e r s ,  1 9 6 5 ) .  The former,  as may be a n t i c i p a t e d ,  a re  
a f f e c t e d  to a l e s s e r  deg ree .  Changes however,  appear  in  the  
m i c r o v i l l u s  plasma membrane and t h e r e  i s  d i sa r r angemen t  
of c r i s t a e  in  a few m i tochondr i a  ( Q u a s t l e r  and Hampton, 
1 9 6 2 ) o  More pronounced e a r l y  e f f e c t s  a re  observed in  the 
c ryp t  e p i t h e l i u m  (Hugon, Mai s i n  and B o rg e r s ,  1 9 6 5 ) .  The 
sw e l l i n g  of m i c r o v i l l i  l e ads  to t h e i r  d e s t r u c t i o n  a f t e r  24 
hour s .  Mi tochondr i a l  swe l l i ng  w i t h  d i s r u p t i o n  of  c r i s t a e  
and the  o u t e r  membrane i s  most pronounced a t  e a r l y  s t a g e s  
a f t e r  i r r a d i a t i o n .  L a t e r ,  a c lo s e  a s s o c i a t i o n  of  m i t o ­
c ho n d r i a  and endoplasmic r e t i c u l u m  i s  obse rved .  This  seems 
to p e r s i s t  dur ing  the r ecovery  phase  when c e l l s  m i g r a t e  
a long the v i l l u s  (Braun,  1 9 6 0 ) .  An i n t e r e s t i n g ,  a l though  
not  unexpec ted ,  f e a t u r e  of d e g e n e ra t i o n  i s  cytolysome form­
a t i o n ,  which appears  q u i t e  e a r l y  (Hugon, Mai s i n  and B o r g e r s ,  
1 9 6 5 ) .  The a v a i l a b l e  evidence  sugges t s  t h a t  bod ies  which 
have the  appearance of k a r y o l y t i c  bod ie s  under  the l i g h t  
microscope a re  e i t h e r  cytolysomes  or  phagosomes r e s u l t i n g  
from the pha g o c y to s i s  of d e g e n e ra t i n g  c ryp t  c e l l s  or l euco ­
c y t e s  p a s s i n g  through the c ryp t  wa l l  (Hugon and Borge r s ,
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19£>6a) .  B o t h  p r o c e s s e s  may b e  c o m b i n e d .  A s t u d y  o f  c y t o l -  
y s o m e  f o r m a t i o n  i n  i r r a d i a t e d  e p i t h e l i u m  s u g g e s t s  t h a t  
s m o o t h  e n d o p l a s m i c  r e t i c u l u m  p a r t i c i p a t e s  i n  me mbr a ne
f o r m a t i o n  ( Hu g o n  a n d  B o r g e r s ,  1 9 6 5 a ) .  A c i d  p h o s p h a t a s e  
a p p e a r s  t o  b e  b r o u g h t  i n  b y  G o l g i  v e s i c l e s  ^Hugon and  
B o r g e r s ,  1 9 6 5 b ) .  C y t o l y s o m e s  may  b e  e x t r u d e d  f r o m  t h e  c e l l  
i n t o  t h e  c r y p t ,  w h i l e  o t h e r s  f o r m  r e s i d u a l  b o d i e s  s i m i l a r  
t o  t h o s e  o f  o t h e r  t i s s u e s  ( H u g o n  a n d  B o r g e r s ,  1 9 6 5 a ) .  
P h a g o c y t o s i s  an d  i n c l u s i o n  o f  n e c r o t i c  l e y c o c y t e s  b y  t h e  
c r y p t  e p i t h e l i u m  a f t e r  i r r a d i a t i o n  i s  an u n u s u a l  f o r m  o f  
a c t i v i t y  o f  t h e s e  c e l l s  ( H u g o n  a n d  B o r g e r s ,  1 9 6 6 b ) .  C y t o l y -  
some f o r m a t i o n  c a n  b e  r e d u c e d  o r  d e l a y e d  b y  c h e m i c a l  r a d i o ­
p r o t e c t i o n  ( H u g o n ,  Mai  s i n  and B o r g e r s ,  1 9 6 6 a )  w h i c h  i n  t u r n  
a f f e c t s  t h e  c r y p t  e p i t h e l i u m  ( H u g o n ,  Mai  s i n  an d  B o r g e r s ,
1 9 6 6 b ;  1 9 6 6 c ) .
At  l a t e r  s t a g e s  d e l a y e d  d a m a g e  to  t h e  c r y p t  e p i t h e l i u m  
i s  s e e n  a n d  t h e  a f f e c t e d  c e l l s  m i g r a t e  t o  t h e  v i l l i  ( H u g o n ,  
M a i s i n  a n d  B o r g e r s ,  1 9 6 6 d ) . C e l l s  i n  t h e  c r y p t s  a r e  d e c ­
r e a s e d  i n  n u m b e r  and f l a t t e n e d .  O n l y  a f e w  m i c r o v i l l i  p e r ­
s i s t .  E n d o p l a s m i c  r e t i c u l u m ,  r i b o s o m e s  a n d  G o l g i  c o m p l e x  
a r e  r e d u c e d ;  m i t o c h o n d r i a  a r e  p y J e n o t i c  a n d  v a c u o l a t e d .  F a t  
d r o p l e t s  a r e  s e e n  i n  t h e  c y t o p l a s m .  N u c l e i  a r e  i r r e g u l a r ,  
and f r e q u e n t l y  v e r y  l a r g e ,  w h i l e  t h e  a m o u n t  o f  c h r o m a t i n  i s  
r e d u c e d .  G o b l e t  a n d  P a n e t h  c e l l s  show m a r k e d  a l t e r a t i o n s .  
A r g e n t a f f i n  c e l l s  a r e  r e s i s t a n t  t o  d a m a g e .  The  e p i t h e l i a l
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c e l l s  w h i c h  a p p e a r  o n  t h e  v i l l i  a r e  c u b o i d a l  w i t h  s h o r t  
i r r e g u l a r  m i c r o v i l l i .  F u r t h e r  c h a n g e s  a r e  s i m i l a r  t o  t h o s e  
i n  t h e  c r y p t  e p i t h e l i u m .  I n t e r c e l l u l a r  s p a c e s  a r e  d i l a t e d  
( Q u a s t l e r  a n d  H a m p t o n ,  1 9 6 2 ;  D e t r i c k ,  L a t t a ,  Upham a n d  
M c C a n d l e s s ,  1 9 6 3 ) .  I n  a r e a s  o f  i n t e r c e l l u l a r  o e d e m a  t h e  
c e l l s  w i t h i n  t h e  v i l l u s  c o r e  i n c l u d i n g  v e s s e l s  s h o w e d  v a c -  
u o l i s a t i o n .  B a c t e r i a  w e r e  o b s e r v e d  w i t h i n  t h e  l a m i n a  p r o p ­
r i a  ( Q u a s t l e r  and H a m p t o n ,  1 9 6 2 ) .  T h e  g r a n u l e s  o f  m a s t  
c e l l s  d e c r e s e  i n  e l e c t r o n  d e n s i t y  o r  d i s a p p e a r  ( D e t r i c k ,  
1 9 6 3 )  .
S i m i l a r  c h a n g e s  o c c u r  i n  human i n t e s t i n e  e x p o s e d  t o  
X - i r r a d i a t i o n  ( T r i e r  and B r o w n i n g ,  1 9 6 6 ) .
D a m a g e  o f  i n t e s t i n a l  m u c o s a  known t o  r e s u l t  a f t e r  a d m i n ­
i s t r a t i o n  o f  c y t o s t a t i c s  s u c h  a s  a m i n o p t e r i n  w a s  s t u d i e d  b y  
e l e c t r o n  m i c r o s c o p y ,  ( M i l l i n g t o n ,  F i n e a n ,  F o r b e s  and  F r a s e r ,  
1 9 6 2 ;  W i l l i a m s ,  1 9 6 1 ;  R y b a k ,  1 9 6 2 ;  T r i e r ,  1 9 6 2 ) .  B o t h  
c r y p t  e p i t h e l i u m  an d  e n t e r o c y t e s  a r e  a l t e r e d .  C y t o p l a s m i c  
c h a n g e s  c o n s i s t  o f  d i l a t a t i o n  o f  t h e  e n d o p l a s m i c  r e t i c u l u m ,  
G o l g i  c o m p l e x  and s w e l l i n g  o f  s o me  m i t o c h o n d r i a .  M i c r o v i l l i  
a r e  s w o l l e n  and f r a g m e n t e d .  I n  human c r y p t  e p i t h e l i u m ,  
i n c l u s i o n s  a p p e a r  ( T r i e r ,  1 9 6 2 )  w h i c h  a r e  s i m i l a r  t o  k a r y o -  
l y t i c  b o d i e s  a f t e r  X - i r r a d i a t i o n . I t  i s  o f  i n t e r e s t  t h a t  
c y t o p l a s m i c  c h a n g e s  w e r e  s e e n  a t  e a r l y  s t a g e s  e v e n  i n  som e  
c e l l s  o f  t h e  v i l l o u s  e p i t h e l i u m  o f  t h e  hum an m u c o s a  w h i c h  
s u g g e s t s  t h a t  p r i m a r y  d a m a g e ,  a l t h o u g h  p r o m i n e n t ,  i s  n o t
1 2 7 .
l i m i t e d  to the  c rypt  e p i t h e l i u m .  L a t e r  s t ages  s t u d i e d  in  
animals  show marked changes of m i c r o v i l l i  which are  s h o r t e r ,  
s pa r se  and i r r e g u l a r .  Degenera t ing  c e l l s  a re  ex t ruded  both 
from c ry p t s  and v i l l i .  D e f e c t s  in  e p i t h e l i a l  c o n t i n u i t y  
(Rybak, 1962) were seen fo l lowing  the e x t r u s i o n  of degen­
e r a t e d  c e l l s .  In some cases  p r e s e r v a t i o n  of  e p i t h e l i a l  
c o n t i n u i t y  was main ta ined  by means of ov e r l a p p in g  of  e p i ­
t h e l i a l  p ro c e s s e s  ( M i l l i n g t o n ,  F inean ,  Forbes  and F r a s e r ,  
1962).  L a t e r  s t a g e s  show f e a t u r e s  of e p i t h e l i a l  r e g e n e r a t ­
ion .  Nuclei  and n u c l e o l i  of  these  c e l l s  a re  l a r g e .  An 
impaired a b s o r p t i o n  of f a t  i s  observed (Wi l l i ams ,  1961; 
M i l l i n g t o n ,  Forbes ,  F inean ,  F r a s e r ,  1962).  A l t e r a t i o n s  of 
m i c r o v i l l i  were observed a f t e r  a d m i n i s t r a t i o n  of 5- 
f l u o r o u r a c i l  (Wi l l i ams ,  19o3).
The p h y s i c a l  r e l a t i o n s h i p  or  a t t achment  of b a c t e r i a  to 
e n t e r o c y t e s  has only  been s tud i ed  in  the mouse a f t e r  
S t r e p t o b a c i l l u s  m o n i l i fo rm i s  i n f e c t i o n  or s u p e r i n f e c t i o n  
(Hampton & R o s a r i o ,  1965).  These b a c t e r i a  appear  to be 
a t t a c h ed  e x c l u s i v e l y  nea r  i n t e r c e l l u l a r  j u n c t i o n s .  The 
a l t e r e d  e n t e r o c y t e s  show, b e s i d e s  d i sp lacement  of  o r g a n e l l e s  
and m o d i f i c a t i o n  of  cy top lasmic  d e n s i t y  around the i n v a g ­
i n a t i o n  a change of plasma membrane c o n t a c t i n g  the  mic ro-  
organism.
D i f f e r e n t  r e l a t i o n s h i p s  were observed when pa thogen ic  
b a c t e r i a  such as Sa lmone l l a  typhimurium invaded e n t e r o c y t e s
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in guinea pig (Takeuchi, 1967), Here a degeneration of 
microvilli and the terminal web appears in a localised area 
of bacterial entry into the cell. Eventually a bacterium 
is enclosed in a vacuole containing degenerated parts of 
microvilli and cytoplasm, then dense material and sometimes 
organelles. Another mode of entry is between the cells 
through the junctional complex. In Shigella infection 
(Takeuchi, Sprinz, LaBrec and Formal, 1965) the bacteria 
in the enterocytes were seen either free or enclosed within 
a membrane-1imited space. During this infection, entero­
cytes show degenerative changes which are not related to the 
presence of the bacteria and follow the inflammatory react­
ion in the lamina propria. Besides the loss of microvilli, 
swelling of mitochondria and the endoplasmic reticulum, 
inclusions appear which correspond to cytolysomes. An 
important feature is the tendency of the epithelium to 
maintain continuity and the persistence of the desmosomal 
junctions during the detachment and extrusion of degenerated 
cells.
Another intestinal infection investigated by electron 
microscopy is cholera. There appears to be an alteration 
of endothelial cells which precedes moderate epithelial 
changes (Goldstein, Merrill and Sprinz, 1966). Gaps between 
endothelial cells were observed (Goldstein, Merrill and 
Sprinz, 1966; Patnaik, Ghosh, 1966). Further changes which
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were seen are apparently due to exudation. The vesicles 
and discontinuities in the plasma membrane of microvilli of 
the enterocytes described by Patnaik and Ghosh (1966) may 
be sub je c t to equivocal interpretation.
An ultrastructure of epithelium in the atrophic intest­
inal mucosa was studied in protein-deficient rats (Takano, 
1964). Besides reduction and irregularity of the microvilli, 
there was seen a decrease of RNP particles and swelling of 
mitochondria•
Vesiculation of mitochondrial cristae was observed in 
the duodenal epithelium of a mouse deficient in essential 
fatty acids (Leduc and Wilson, 1964).
Electron microscopical investigations of human small 
intestinal disease have focused so far on a few diseases, 
associated with the malabsorption syndrome, mostly 
coeliac disease or sprue and Whipple's disease.
Although relatively numerous fine structural studies of 
changes in coeliac disease are available, most of these are 
incomplete. Earlier reports stressed the sparsity and 
irregularity of microvilli (Shearman, Girdwood, Williams and 
Delamore, 1961; Shiner and Birbeck, 1961; Zetterqvist and 
Hendrix, 1960). Most observations are limited to the 
epithelium covering the atrophic mucosa. Some of these 
cells were seen to have, besides reduction of microvilli, 
further abnormalities, including a defective terminal web,
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a r e d u c e d  amo u n t  a n d  d i l a t a t i o n  o f  m i t o c h o n d r i a  and e n d o ­
p l a s m i c  r e t i c u l u m .  T h e y  a l s o  s h o w e d  a h i g h e r  f r e q u e n c y  o f  
l y s o s o m e s ,  v a r i a t i o n s  i n  d e n s i t y  o f  c y t o p l a s m ,  m y e l i n  
f i g u r e s  a n d  v a c u o l e s .  T h e s e  c h a n g e s  v a r y  i n  d e g r e e  and  
s h o w e d  s ome  d i f f e r e n c e s  ( P a d y k u l a ,  S t r a u s s ,  Ladman and 
G a r d n e r ,  1 9 6 1 ;  N u n e z - M o n t i e 1 ,  B a u z a ,  B r u n s e r  and S e p u l v e d a ,  
1 9 6 3 ;  A s h w o r t h ,  C h e a r s ,  S a n d e r s  and  P e a r c e ,  1 9 6 1 ;  A s h w o r t h  
a n d  C h e a r s ,  1 9 6 2 ;  C u r r a n  and C r e a m e r ,  1 9 6 3 ;  S h i n e r ,  L a c y  
a n d  H u d s o n ,  1 9 6 2 ;  R u b i n ,  R o s s ,  S l e i s e n g e r  and W e s e r ,  1 9 6 6 ) .  
A l t e r a t i o n s  i n  o v e r a l l  s h a p e ,  t o  f o r m  c u b o i d a l  o r  f l a t t e n e d  
c e l l s  w i t h  i r r e g u l a r  p o s i t i o n  o f  t h e  n u c l e i  g i v e  t h e  e p i t h ­
e l i u m  a p s e u d o s t r a t i f i e d  a p p e a r a n c e  known f r o m  l i g h t  m i c ­
r o s c o p y .  T h e s e  may a c c o m p a n y  t h e  c y t o p l a s m i c  c h a n g e s .  Th e  
e x t e n t  o f  i m p a i r m e n t  o f  t h e  l i p i d  a b s o r p t i o n  i n  a f f e c t e d  
c e l l s  i s  v a r i a b l e  ( A s h w o r t h  and C h e a r s ,  1 9 6 2 ;  S h i n e r ,  L a c y  
a n d  H u d s o n ,  1 9 6 2 ) .  O n l y  a f e w  r e p o r t s  d e s c r i b e d  d e f e c t s  i n  
t h e  e p i t h e l i u m  b a s e m e n t  m e m b r a n e  ( A s h w o r t h  and C h e a r s ,  1 9 6 2 ;  
A s h w o r t h ,  C h e a r s ,  S a n d e r s  and P e a r c e ,  1 9 6 1 ) .  T h e  e v i d e n c e ,  
w h i c h  i s  l i m i t e d ,  i n d i c a t e s  t h a t  c r y p t  e p i t h e l i u m  h a s  a 
n o r m a l  u l t r a s t r u c t u r e  ( P a d y k u l a ,  S t r a u s s ,  Ladm an and G a r d n e r ,  
1 9 6 1 ;  R u b i n ,  R o s s ,  S l e i s e n g e r  and W e s e r ,  1 9 6 6 ) .  H o w e v e r ,  
t h e  i n t e r p r e t a t i o n  o f  e p i t h e l i a l  c e l l s  l i n i n g  t h e  u p p e r  
p o r t i o n s  o f  c r y p t s  w h i c h  a r e  t r a n s i e n t  t o  t h e  a t r o p h i c  s u r ­
f a c e  i s  u n c e r t a i n .  P a d y k u l a ,  S t r a u s s ,  Ladm an and G a r d n e r  
( 1 9 6 1 )  b e l i e v e on  t h e  b a s i s  o f  h i s t o c h e m i c a l  c r i t e r i a  t h a t
131
the c e l l s  in  t h i s  zone a re  normal e n t e r o c y t e s .  Because of 
o r i e n t a t i o n  d i f f i c u l t i e s ,  they were not a b l e  to d i s t i n g u i s h  
i t  from the s u p e r f i c i a l  zone by e l e c t r o n  microscopy.  Rubin,  
Ross ,  S l e i s e n g e r  and Weser (1966) c o n s i d e r  c e l l s  in  t h i s  
zone to r e p r e s e n t  normal upper  c r y p t  e p i t h e l i u m .  These 
i n t e r p r e t a t i o n s  a r e  compat ib le  wi th  the i n c r e a s e d  t u r n o v e r  
r a t e  or  shor tened  l i f e  span of  the e p i t h e l i u m  which i s  
sugges ted  by the high m i t o t i c  index  (Padykula ,  S t r a u s s ,  
Ladman and Gardner ,  1961).
The f i n e  s t r u c t u r a l  s tudy of t r o p i c a l  sprue by Hartman,  
B u t t e r w o r t h ,  Hartman, Crosby and S h i r a i  ( i960)  i s  h a rd l y  
wor th  ment ioning because  of , e x t e n s i v e  a r t i f a c t s .  The most 
a g reeab l e  s ta tement  c on t a ined  in t h i s  paper  i s  t h a t  more 
o b s e r v a t i o n s  a re  needed.
A human d i s e a s e ,  the i n t e s t i n a l  m a n i f e s t a t i o n s  of which 
have a t t r a c t e d  the  p a r t i c u l a r  i n t e r e s t  of e l e c t r o n  micro-  
s c o p i s t s  i s  W hipp le ' s  d i s e a s e .  In t h i s  review,  the b r i e f ­
e s t  account  of p e r t i n e n t  f i n d in g s  w i l l  be g iven ,  many o t h e r  
i n t e r e s t i n g  f e a t u r e s  of t h i s  d i s e a s e  must be o m i t t e d .  Most 
r e p o r t s  agree  in  dem o n s t r a t i n g  b a c t e r i a  in  the  lamina 
p r o p r i a  (Chears and Ashworth ,  1961; Ashworth,  Douglas ,  
Reynolds ,  and Thomas, 1964; R o s t g a a r d ,  1964; Kent ,  Layton,  
C l i f t o n  and Schedl ,  1963; Kur tz ,  Davis  and R u f f i n ,  1962; 
Curran and Creamer,  1963; Cohen, 1964; Kojecky,  Mal insky,  
Kodousek and Marsa lek ,  1964; T r i e r ,  P h e lp s ,  Eidelman and
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Rubin,  1965),  Phagocytosed b a c t e r i a  in  v a r i o u s  s t a g e s  of 
d e g e n e ra t i o n  may be seen w i t h i n  the  i n c l u s i o n s  of macro­
phages p r e s e n t  in  the lamina p r o p r i a .  Al l  d e s c r i p t i o n s  of  
the PAS p o s i t i v e  i n c l u s i o n s  in  t h e s e  c e l l s  a r e  s i m i l a r .
With the p r o g r e s s i v e  d e g r a d a t i o n ,  b a c t e r i a  con ta ined  w i t h i n  
the  i n c l u s i o n s  d i s a p p e a r  and r e p l a ce d  by c l o s e l y  packed 
membranes,  some g ran u le s  and amorphous m a t e r i a l .  Most r e p ­
o r t s  i n d i c a t e  t h a t  the i n c l u s i o n s  in  more advanced s t ages  
of  d e g r a d a t i o n  which a re  co n t a i n e d  in  more deep ly  l o c a l ­
i s e d  macrophages o r  those  seen d u r in g  r e m is s io n s  a f t e r  
a n t i b i o t i c  the rapy  c on t a i n  l e s s  membranous and more amor­
phous m a t e r i a l  wi th  some g ran u le s  and f i l a m e n t s ,  ( T r i e r ,  
P h e l p s ,  Eidelman and Rubin,  1965; Kur tz ,  Davis  and R u f f i n ,  
1962; Ashworth,  Douglas ,  Reynolds  and Thomas, 1964; Kent ,  
Layton ,  C l i f t o n  and Sched l ,  1963) .  The b a c t e r i a  d i s a p p e a r .  
R e c e n t l y ,  minor changes of the e n t e r o c y t e s  were r e p o r t e d ,  
c o n s i s t i n g  of sh o r t e n i n g  of  m i c r o v i l l i  and i n c r e a s e d  numbers 
of lysosomes ( T r i e r ,  P h e lp s ,  Eidelman,  Rubin,  1965).
When the evidence based on t h e s e  f ine  s t r u c t u r a l  o b s e r ­
v a t i o n s  of  i n t e s t i n a l  mucosa i s  c o r r e l a t e d  wi th  the c l i n i c a l  
co u r se ,  t h e r e  i s  l i t t l e  doubt about the  pa thogen ic  r o l e  of 
b a c t e r i a .  In Whipple ’ s d i s e a s e ,  p a th o g e n e t i c  c o n s i d e r a t ­
ions  concern ing  o t h e r  m a n i f e s t a t i o n s  of  t h i s  d i s e a s e  remain 
hypo the t i c  al  .
Conc lus ions  concern ing  the r e l a t i o n  of i n c l u s i o n s  to
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e x t r a c e l l u l a r  p a r t i c l e s  have not  been a r r i v e d  a t  i n  o t h e r  
s t u d i e s  (Hol lenberg  and Je n n in g s ,  1962; Cohen, Schimmel,  
H o l t  and I s s e l b a c h e r ,  I960) .  A few o t h e r s  hold the op in ­
ion  t h a t  the i n c l u s i o n s  r e s u l t  from abnormal s y n t h e t i c  
a c t i v i t y  of  h i s t i o c y t e s  ( F i s h e r ,  1962; Adams, Wolfsohn and 
S p i r o ,  1963)•
Fine  s t r u c t u r a l  changes have been d e s c r i b e d  in  p a t i e n t s  
w i t h  g i a r d i a s i s  and m a l a b s o r p t i o n .  These mos t ly  a f f e c t  the  
c r y p t  e p i t h e l i u m .  The a l t e r a t i o n s  a re  a c c en t u a t e d  in  a r e a s  
of  in f l ammat ion .  The changes in  c r y p t s  a r e  b e l i e v e d  to 
r e s u l t  from d i s t u r b a n c e  of the s e c r e t o r y  p r o c e s s e s  by 
i n c r e a s e d  p r e s s u r e  in  an o b s t r u c t e d  c ryp t  lumen; those  
of the e n t e r o c y t e s  may be c o n s i d e r e d  secondary to d i s t u r b e d  
d i f f e r e n t i a t i o n  (Takano and Ya rd l e y ,  1965).
T o ta l  vagotomy i s  den ied  to cause  any changes in  i n t e s ­
t i n a l  mucosa ( E l l i o t ,  B a r r n e t t  and E l l i o t ,  1966).
In  c y s t i c  p a n c r e a t o f i b r o s i s  the  only abnorma l i ty  d e t ­
ec ted  by e l e c t r o n  microscope was the d i s c o v e r y  of  a m a t e r ­
i a l  c o n s i s t i n g  of  t h i c k  f i l a m e n t s  adheren t  to the  o u t e r  
a s p e c t  of the fuzzy l a y e r  (F rey ,  Kur tz ,  Spock and Capp,
1964).
In  c o n g e n i t a l  ^ - l i p o p r o t e i n  d e f i c i e n c y  an accumula t ­
ion of l i p i d  w i t h i n  the e n t e r o c y t e s  i s  obse rved .  Some of 
the l i p i d  d r o p l e t s  which may a t t a i n  a l a r g e  s i z e ,  occur  
wi thou t  be ing  surrounded by a membrane ( I s s e l b a c h e r ,  Sche ig ,  
P l o t k i n  and C a u l f i e l d ,  1964).
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Dobbins (1966) observed that the accumulation of fat does 
not affect the Golgi complex and suggested that the "exit 
block" of fat is due to a defective function of Golgi or 
endoplasmic reticulum membranes. The failure of chylomicron 
formation seems to be a reflection of defective protein 
metabolism. Similar change may be induced experimentally 
by interference with proteosynthesis (Sabesin and 
Isselbacher, 1965).
Sensitisation of hamsters against ferritin increases 
its absorption after intraluminal instillation. Ferritin 
was observed in plasma membrane invaginations, vesicles, 
structures resembling multi-vesicular bodies and the Golgi 
complex of the enterocyte as well as within some other 
cells of the lamina propria (Bockman and Winborn, 1966).
The ultrastructural appearance of epithelium of the 
intestinal type present in atrophic gastric mucosa in pern­
icious anaemia is similar to that of normal intestinal 
epithelium. Lysosome - 1ike bodies were, however, more 
frequent (Rubin, Ross, Jeffries and Sleisenger, 1966).
An accumulation of dense material is seen in the mito­
chondria of epithelial cells which are close to intestinal 
tumours in 20-methy l-cho 1 anttr ene fed mice (Burt, Killmeyer, 
Thompson and Grauer, 1^61). This material seems to occupy 
the intracristal space.
1 3 5 .
CHAPTER 6
FIN E  STRUCTURE OF SMALL GUT DURING ISCHAEMIA AND 
REPAIR OF ISCHAEMIC INJURY I :
THE PRENECROTIC AND NECROTIC PHASE
Few s y s t e m a t i c  e l e c t r o n  m i c r o s c o p i c  s t u d i e s  o f  d i s ­
o r d e r s  o f  t h e  g u t  h a v e  b e e n  m a d e .  I n c r e a s e d  a t t e n t i o n  i s  
b e i n g  p a i d ,  h o w e v e r ,  t o  c l i n i c a l  c o n d i t i o n s  wh^ere i n t e s t i n ­
a l  i s c h a e m i a  i s  t h e  m a i n  p a t h o g e n i c  f a c t o r .  V a s c u l a r  
p a t h o l o g y  sh o w s  t h a t  a v a r i e t y  o f  c o n d i t i o n s  c a n  b e  r e s ­
p o n s i b l e  f o r  i n t e s t i n a l  i s c h e m i a .  E x a m p l e s  r a n g e  f r o m  
e m b o l i s m ,  a r t e r i o s c l e r o s i s ,  p o l y a r t e r i t i s  n o d o s a  t o  r a r e  
e n t i t i e s  l i k e  D e g o s '  p a p u l o s i s  a t r o p h i c a n s  ( S i d i ,  R e i n b e r g *  
S p i n a s s e  a n d  H i n c k y ,  1 9 6 0 ;  N a y l o r ,  M u l l i n s  and G i l m o r e ,
1 9 6 0 ;  N o m la n d  an d  L a y t o n ,  I 9 6 0 )  and  i n t i m a l  h y p e r p l a s i a  
(A b o u m r a d , F i n e  and H o r n ,  1 9 6 3 ) *  W h i l e  t h e  c 1 i n i c o p a t h o 1 - -  
o g i c  a s p e c t s  o f  v a s c u l a r  o c c l u s i o n s  a r e  s t i l l  d i s c u s s e d  
( e . g .  W i l s o n  and  B l o c k ,  1 9 5 6 ;  M a r r a s h ,  G i b s o n  and S i m e o n e ,  
1 9 6 2 )  t h e  e x i s t e n c e  o f  i n t e s t i n a l  i n f a r c t i o n  w i t h o u t  d e t ­
e c t a b l e  v a s c u l a r  o c c l u s i o n  h a s  o n l y  r e c e n t l y  b e e n  e m p h a s i s e d  
( E n d e ,  1 9 5 8 ;  B e r g e r  and B y r n e ,  1 9 6 1 ;  G r o s h ,  M ann and  
O’ D o n n e l l ,  1 9 6 5 ;  S i - C h u n  M i n g ,  1 9 6 5 ) .  T h e  r o l e  o f  s h o c k  
i n  p r o d u c i n g  i n t e s t i n a l  i s c h a e m i a  an d  i t s  p o s s i b l e  c o n s e ­
q u e n c e s  h a s  a l s o  b e e n  s t u d i e d  ( i n t e r  a l i a  F i n e ,  1 9 6 5 ;
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S a n d r i t t e r ,  1 9 6 5 ;  M a r s t o n ,  1 9 6 2 ;  R a y n e r ,  M a c L e a n  a n d  G r i m ,  
1 9 6 0 ) .  O t h e r  m a n i f e s t a t i o n s  o f  i n t e s t i n a l  i s c h a e m i a ,  l i k e  
d y s p r a g i a  o r  a n g i n a  i n t e s t i n a l i s ,  m a l a b s o r p t i o n ,  and  s e c ­
o n d a r y  s t e n o t i c  i n f l a m m a t o r y  l e s i o n s  a r e  a m a t t e r  o f  r e n e w e d  
i n t e r e s t  ( e . g .  L e y m a r i o s ,  1 9 6 6 ;  F r y  and K r a f t ,  1 9 6 3 ;
Shaw & M a y n a r d ,  1 9 5 8 ;  P o p e  and O ' N e a l ,  1 9 5 6 ) .
D i s t u r b a n c e s  a s s o c i a t e d  w i t h  a l t e r a t i o n s  o f  i n t e s t i n a l  
p o s i t i o n  and l u m e n  a r e  f r e q u e n t  and i n t e s t i n a l  i s c h a e m i a  i s  
u s u a l l y  t h e  m a i n ,  b u t  n o t  t h e  s o l e ,  r e s u l t .
A v a s c u l a r  e t i o l o g y  o f  p o t  a s s i u m - i n d u c e d  u l c e r a t i o n s  
o f  t h e  s m a l l  g u t  w a s  s u g g e s t e d  r e c e n t  l y  (Al 1 e n ,  B o l e y ,  S c h u l t z  
an d  S c h w a r t z ,  1 9 6 5 )  and c o n s i d e r e d  w i t h o u t  r e a c h i n g  a p o s ­
i t i v e  c o n c l u s i o n  i n  n o n s p e c i f i c  i n t e s t i n a l  u l c u s  s i m p l e x  
( A l e x a n d e r  and S c h w a r t z ,  1 9 6 6 ) .
I n t e r e s t  i n  i n t e s t i n a l  i s c h a e m i a  and  a n o x i a  h a s  n o t ,  
h o w e v e r ,  s t i m u l a t e d  many m o r p h o l o g i c a l  s t u d i e s .  Some  
f a i r l y  r e c e n t  e x p e r i m e n t a l  s t u d i e s  a r e  a v a i l a b l e  ( e . g .
C a m e r o n  and  Khann^. ,  1 9 5 9 ;  K h a n n a ,  1 9 5 9 )  b u t  s o  f a r  n o  r e p ­
o r t s  d e a l i n g  w i t h  f i n e  s t r u c t u r a l  c h a n g e s  h a v e  b e e n  p u b l i s h e d .  
T h i s  h a s  p r o m p t e d  t h e  p r e s e n t  i n v e s t i g a t i o n .
MATERIAL AND METHODS
A d u l t  w h i t e  r a t s  o f  b o t h  s e x e s  a s  s u p p l i e d  b y  t h e  
A n i m a l  B r e e d i n g  U n i t  o f  t h e  J . C . S . M . R .  w e r e  u s e d .  U n d e r  
e t h e r  a n a e s t h e s i a  m e d i a l  l a p a r a t o m y  w a s  m ad e and t h e  t r u n k
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o f  a r t e r i a  m e s e n t e r i c a  s u p e r i o r  l o c a t e d ,  c a r e  b e i n g  t a k e n  
t o  m i n i m i z e  t h e  m a n i p u l a t i o n  o f  t h e  i n t e s t i n e .  I m m e d i a t e l y  
a f t e r w a r d s ,  a p o l y t h e n e - c o v e r e d  c l a m p  w a s  a p p l i e d  t o  c o m­
p r e s s  t h e  a r t e r y  b e f o r e  e n t e r i n g  t h e  r a d i x  m e s e n t e r i i  .
T h e  c i r c u l a t o r y  c h a n g e s  i n  t h e  g u t  w a l l  a n d  m e s e n t e r i u m  
w e r e  o b s e r v e d  f o r  1 - 2  m i n u t e s  a f t e r  c o m p r e s s i o n .  T h e  abdom­
i n a l  w a l l  w a s  t h e n  c l o s e d  and  t h e  a n i m a l  a l l o w e d  t o  r e c o v e r  
f r o m  t h e  a n a e s t h a e s i a . T h i s  o c c u r r e d  w i t h i n  6 - 7  m i n u t e s  
a f t e r  c o m p r e s s i o n  o f  t h e  a r t e r y .
A f t e r  1 h o u r  t h e  l a p a r a t o m y  w a s  q u i c k l y  r e o p e n e d  u n d e r  
e t h e r  a n a e s t h e s i a  and  t h e  c o n d i t i o n  o f  g u t  and m e s e n t e r y  
e x a m i n e d .  A f t e r  t h e  c l a m p  h a d  b e e n  r e m o v e d ,  a l a p s e  o f  
a b o u t  1 m i n u t e  w a s  a l l o w e d  t o  e l a p s e  i n  o r d e r  t o  c h e c k  t h e  
r e - e s t a b l i s h m e n t  o f  c i r c u l a t i o n .  T h e  l a p a r a t o m y  w a s  c l o s e d  
a g a i n .  A f t e r  t h e  r e q u i r e d  t i m e ,  t h e  a n i m a l  w a s  r e ­
a n a e s t h e t i s e d  a n d  t h e  i n t e s t i n e  e x p o s e d  f o r  t h e  t h i r d  t i m e .  
Th e  c i r c u l a t o r y  c o n d i t i o n s  i n  t h e  g u t  w e r e  c h e c k e d  and  a 
s e g m e n t  o f  t h e  u p p e r  t h i r d  o f  t h e  i l e u m  w a s  r e m o v e d  f o r  
e x a m i n a t i o n .  When r e c i r c u l a t i o n  w a s  n o t  d e s i r e d ,  t h e  p r e v ­
i o u s  s t a g e s  c o i n c i d e d .
A n i m a l s  w i t h o u t  r e c i r c u l a t i o n  w e r e  s t u d i e d  a f t e r  3 0  
m i n s ,  and  1 h o u r  o f  i s c h e m i a .  O t h e r s  w e r e  s t u d i e d  lO m i n ­
u t e s ,  o n e ,  2 ,  4 ,  8 ,  1 2 ,  1 6 ,  2 4 ,  and 4 8  h o u r s  a f t e r  t h e  
b e g i n n i n g  o f  m a c r o s c o p i c a l  a s c e r t a i n a b l e  r e c i r c u l a t i o n .  At  
l e a s t  two  a n i m a l s  i n  e a c h  g r o u p  w e r e  e x a m i n e d  w i t h  t h e
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e x c e p t i o n  o f  t h o s e  a t  12 and 4 8  h o u r s  w h e n  o n l y  o n e  a n i m a l
w a s  e x a m i n e d .  A t o t a l  o f  27 a n i m a l s  w e r e  e x a m i n e d .  A f e w
a n i m a l s  e x a m i n e d  a f t e r  1 h o u r  o f  r e c i r c u l a t i o n  w e r e  i n j e c t e d
i n t r a v e n o u s l y  ( i n t r a  v e n a m  c a v a m  c a u d a l e m )  w i t h  1 ml o f
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c o l l o i d a l  c a r b o n  ( G u n t h e r ,  W a g n e r ,  P e l i k a n ,  W e r k e ,  H a n n o v e r ,  
G e r m a n y ;  b a t c h  C l l / 1 4 3 1 a )  j u s t  p r i o r  t o  c l a m p  r e m o v a l .
I n  o r d e r  t o  s t u d y  p o s t m o r t e m  c h a n g e s ,  two i s o l a t e d  
s e g m e n t s  o f  i n t e s t i n e  w e r e  l i g a t e d  a t  b o t h  e n d s  and p l a c e d  
i n  t h e  p e r i t o n e a l  c a v i t y  o f  a l i t t e r m a t e  a n d  e x a m i n e d  a f t e r  
24 h o u r s .  2 s h a m - o p e r a t e d  a n i m a l s  w e r e  u s e d  a s  c o n t r o l s .  
L i g h t  m i c r o s c o p y :
M a t e r i a l  f o r  l i g h t  m i c r o s c o p y  w a s  f i x e d  i n  b u f f e r e d  
f o r m o l  ( L i l l i e )  and e m b e d d e d  i n  w a x .  S e c t i o n s  w e r e  s t a i n e d  
w i t h  h a e m a t o x y l i n  and  e o s i n ,  P . A . S .  and h a e m a t o x y 1 i n ,  PTAH.
To r e d u c e  t h e  s a m p l i n g  e r r o r  i n e v i t a b l e  i n  s t u d y i n g  
p r o c e s s e s  w h i c h  a r e  v a r i a b l e  i n  t h e  l i m i t s  o f  t i m e  and  r e g ­
i o n ,  s e m i t h i n  s e c t i o n s  o f  u n t r i m m e d  b l o c k s  w e r e  s t a i n e d  
w i t h  t o l u i d i n e  b l u e  and e x a m i n e d  w i t h  t h e  l i g h t  m i c r o s c o p e .  
A f t e r  e s t a b l i s h i n g  a r a n g e  o f  l e s i o n s ,  b l o c k s  f r o m  s e l e c t e d  
a n i m a l s  w e r e  s t u d i e d  i n  d e t a i l  b y  l i g h t  and e l e c t r o n  m i c ­
r o s c o p y .  C o n d i t i o  s i n e  q u a  n o n  f o r  e l e c t r o n  m i c r o s c o p y  w a s  
a n  a p p r o p r i a t e  o r i e n t a t i o n  and l o c a t i o n  o f  t h e  a r e a  t o  b e  
e x a m i n e d .  T h i s  w a s  m e t  b y  s e l e c t i v e  t r i m m i n g .
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RESULTS
Gross f i n d i n g s :
Wi th in  20-30 seconds a f t e r  m e s e n t e r i c  a r t e r y  compress­
io n ,  anaemic p a l o r  f u l l y  deve loped.  From t h a t  time on,  
the gut wa l l  began to change co lour  slowly to a c y a n o t i c  
shade.  The a r t e r i e s  were p u l s e l e s s  and the ve in s  darkened 
wi thou t  i n i t i a l l y  changing t h e i r  prominence.  A f t e r  30 min­
u t e s ,  the gut  wal l  was g r e y - v i o l e t .  A f t e r  1 hour ,  i t  was 
da rk  v i o l e t  wi th  o c ca s i o n a l  ekchymoses.  The gut  was 
s l i g h t l y  d i s t e n d e d  and the con ten t  was of low v i s c o s i t y  and 
was s l i g h t l y  haemorrhagic .  D es p i t e  i n t e n s e  changes the  
i n t e s t i n a l  wal l  a t  t h i s  s t age  cannot be compared to the  
appearance  of haemorrhagic  i n f a r c t i o n .  These observed  
changes a f f e c t e d  the lower jejunum, i leum and caecum and 
were not  sh a r p l y  d e f i n e d .  A f t e r  removal of the clamp, 
p u l s a t i o n s  reappea red  and were i n t i a l l y  more marked than  in  
the  normal animal .  The co lour  changed w i t h i n  1 minute  to a 
v i v i d  r e d .  A gradua l  d e c r ea s e  of the a r c u a t e  and small  
a r t e r y  p u l s a t i o n s  was observed a f t e r  1-2 minu te s .  The 
i n t e n s e  red  co lour  of the i n t e s t i n a l  wa l l  p e r s i s t e d  f o r  up 
to 4 hou r s .  The se rosa  remained smooth. The mucosa showed 
a lo s s  of  normal r e l i e f  and had a g r e y i s h  s u r f a c e .  In 
p l a c e s ,  the s u p e r f i c i a l  l a y e r  of the  mucosa had the  c h a r ­
a c t e r  of  a d i s c r e t e  pseudomembrane. The i n t e s t i n a l  c o n t e n t s
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were thin and pale with a yellowish tinge. Hyperaemia was 
noticeable on the serosal aspect at 8 hours. Later a less 
prominent mucosal relief was seen.
Light microscopy:
The changes observed in individual animals at different 
stages show some variations and overlapping in details.
This diversity reflects the variation of the process in time 
and extent. The basic character of changes is constant 
enough, however, to establish a definite sequence of events. 
Ischaemic phase:
30 minutes
The earliest changes seen after 30 minutes of ischaemia 
consist of oedema. This is manifested at the cell bases as 
vacuole-like spaces limited by thin bridges of cytoplasm. 
These are most prominent at the tops of the villi. Vacuole­
like spaces are less conspicuous in semi-thin araldite sect­
ions. Simultaneously an increased capillary packing with 
erythrocytes appears.
The enterocytes covering the apical third of the villus 
become detached by disruption of cytoplasmic bridges between 
vacuole-like spaces (Fig. 69a) and those at the tip may be 
already desquamated. Desquamating cells show a cytoplasmic 
rarefaction which has an appearance of very fine vacuolisat- 
ion. In araldite, semithin sections, this fine vacuolisat- 
ion is less prominent.
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One hour
After one hour of ischaemia, some areas appear almost 
identical but the changes extend to the base of the villi. 
Mostly, however, the apical halves of the villi are frankly 
necrotic (Fig. 69b) and only some cells including a few 
polymorphs remain discernible. Beneath the area of necrosis, 
a rim containing some pyknotic cells or oedema may be seen. 
Polymorphs are quite rare. This zone is not sharply de­
limited and minute areas exist where mesenchymal reticular 
elements are enlarged and have a rather compact arrangement. 
The basal portions of mucosa show sparse leucocytic infi1- 
t ration.
Recircu1 ati on:
After 1 hour of re-circulation, the appearance was 
fairly similar but oedema of the villus core is prominent«
In one animal, the extent of necrosis was fairly small and 
carbon labelled vessels were distributed irregularly within 
the villi, but not in their apical portions.
At 2 hours of re-circu1 ation, necrotic zones show up 
distinctly and reach their maximum extent, frequently affect­
ing the whole villus (Fig. 69c). The necrotic areas are 
eosinophilic and contain numerous erythrocytes. Numbers of 
pyknotic cells, debris and karyorrhectic polymorphs are 
concentrated in the spaces between the villi. At this stage, 
a basophilic irregular regenerating epithelium appears at
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the bases  of n e c r o t i c  v i l l i  (F ig .  69d) . Aber ran t  p r o l i f e r ­
a t i o n  of  the ep i t h e l i u m  forms h y p e r p l a s t i c  m u l t i l a y e r e d  foci  
and " spur s"  in to  the  lumen (F ig .  7 0 a ) . E p i t h e l i a l  b r i d g e s  
o r  synechiae  w i th  ne ighbour ing  v i l l i  f r e q u e n t l y  occur  (F ig .  
70b)* Detachment of  whole e p i t h e l i a l  s h e e t s  a l so  o c c u r s .  
Basal  p o r t i o n s  of  the  mucosa e x h i b i t s  r e a c t i v e  in f lammat ion  
and t h e r e  i s  some exuda t ion  i n t o  the  c rypt s*  Both c r y p t  
and r e g e n e r a t i n g  e p i t h e l i u m  c o n t a i n  b a s o p h i l i c  bod ie s  of 
d i f f e r i n g  s i z e s .  Some e p i t h e l i a l  c e l l s  appear  shrunken or  
d i s i n t e g r a t i n g .
4 and 8 hours
At 4 to 8 hours  of r e c i r c u l a t i o n ,  most of the n e c r o t i c  
a r e a s  a re  shed and the remains i n f i l t r a t e d  w i th  polymorphs 
(F ig .  70d) .  These f r e q u e n t l y  show k a r y o r r h e x i s • In  p l a c e s  
where the  n e c r o s i s  has extended deep ly  and a l r e ad y  been 
e l i m in a t e d  (F ig .  70e) ,  t h e r e  may be almost  complete  r e -  
e p i t h e 1i s a t i o n .  Complete r e - e p i t h e l i s a t i o n  was a l s o  o c c a s ­
i o n a l l y  seen 4 hours  a f t e r  r e c i r c u l a t i o n  and r e s u l t e d  in  the 
format ion  of mucosa comple te ly  devoid  of  v i l l i ;  on ly  c ry p t s  
p r e s e n t  (F ig .  70c) .  The s u r f a c e  i s  covered by t h e  remains of  
n e c r o s i s  and pykno t i c  c e l l s .  Where n e c r o s i s  had been l e s s  
e x t e n s i v e ,  the bases  of v i l l i  could s t i l l  be seen.  The 
spaces  between r e g e n e r a t i n g  e p i t h e l i u m  cove r ing  th e s e  rem­
n a n t s  were almost  o b l i t e r a t e d .  These a r e a s  do not show 
complete r e g e n e r a t i o n  of  the  e p i t h e l i u m  at  4 hours ,  but
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frequently do so after 8 hours of recirculation.
At 8 hours, a serrated surface pattern appears which 
suggests incipient villus formation (Fig. 71a). Before 
regeneration has been completed the epithelium appears 
similar to that seen at earlier stages (Fig. 71b). In some 
areas, the re-epithelisation is complete and short neovilli 
are seen, the core of which still shows inflammation. In 
other instances, the villus core containing polymorphs is 
expanded and oedematous or is formed by a layer which appears 
to be like oedematous granulation tissue (Fig. 71c). In 
some places the reparative process is more advanced and 
similar to that seen later.
16 and 24 hours
After 16 or 24 hours of recirculation (Fig. 71d) the 
epithelium which covers the short villi increased in height 
but remained basophilic. The villus core showed either 
inflammatory residues or more frequently contained various 
mesenchymal cells in a losse reticular arrangement , sep­
arated by wide intercellular spaces. Wide spaces are also 
present between epithelial cells which are separated from 
the villus core by a continuous basement membrane. These 
features are observed to advantage in semi-thin araldite 
sections (Fig. 71e). The central lacteal is usually wide.
The base of the mucosa shows very sparse infiltration, 
mostly with polymorphs, eosinophils and macrophages. At
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this stage, some villi show less advanced reparation and re- 
epithelisation is incomplete. The appearance is similar to 
that which occurs predominantly 8 hours after recirculation.
The sequence of events in the rat, following the re­
establishment of circulation is similar to that described 
by Cameron and Khanna (1959). The whole process can be div­
ided into these three stages:
1. Prenecrotic and necrotic phase
2. Early reparative phase which comprises reactive 
inflammation and regeneration.
3. Residual phase after completion of re-epithelis- 
ation.
Of course these phases cannot be sharply separated, but 
the distinctions have been made in order to provide a back­
ground for a study of fine structural changes which follow 
this sequence.




Profound fine-structural changes preceding desquamation 
are seen 30 minutes after arterial occlusion. Changes of 
the enterocytes at this stage are striking, although not 
uniform (Fig. 72). Mitochondria are swollen with shorter 
irregular cristae. Some cisternae of the rough endoplasmic
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reticulum are irregularly dilated and tortuous. A minority 
retain a normal appearance. The Golgi complex is dilated.
The cytoplasmic matrix in many cells shows decreased density. 
This change is accompanied by a displacement of organelles 
in lower portions of the cells towards the perinuclear 
cytoplasm. This leaves behind large prominent cytoplasmic 
zones which only contain free ribosomes (Fig. 73). The 
intercellular spaces which usually occur between cell bases 
are obliterated. Some enterocytes show alterations of the 
brush border which consist of distortion and fragmentation 
of microvilli. This will be described at a later stage. 
Occasionally there is a partial loss of the brush border 
(Fig. 74a). The surface of the cytoplasm bulges and the 
protrusions which are limited by a membrane contain bundles 
of filaments in irregular positions. These bundles appear 
to be the residues of microvillus filaments or their root­
lets. When these lie parallel to the plasma, membrane, their 
appearance suggested that some microvilli were incorporated 
into the partially reconstructed plasma membrane.
In a few cases, microvilli are increased in width to 
approximately double their diameter and the filaments occupy 
the whole width. Their rootlets are abnormally long and 
unusually numerous microtubules accompany them (Fig. 74b). 
Between the rootlets, tortuous vesicular profiles are seen. 
These changes are an exaggeration of a variation occasionally
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observed  in c o n t r o l s .
One hour
One hour  a f t e r  a r t e r i a l  o c c l u s i o n  a lmost  a l l  v i l l i  show 
e x t e n s i v e  d e f e c t s  of e ip t h e l i u m .
Changes of a d i f f e r e n t  c h a r a c t e r  a re  seen in  the  e n t e r -  
o cy te s  of v i l l i  i n  which desquamat ion has not  been d e t e c t e d .  
Some of  the e n t e r o c y t e s  e x h i b i t  a s t r i k i n g  d e c r ea s e  in  
d e n s i t y  of  the ground cytoplasm ( F i g .  75) ,  This  change 
a f f e c t s  the whole c e l l .  The cy top lasmic  m a t r ix  appears  
"empty" wi th on ly  f i n e  t h r e a d - l i k e  p r e c i p i t a t e s  be ing p r e s ­
ent  (F ig ,  76) .  An i n c r e a s e  in  c e l l  volume occurs  which i s  
b e s t  a p p r e c i a t e d  where the c e l l  b o rde r s  a l e s s  a f f e c t e d  c e l l  
when a bu lge  towards i t  i s  obse rved .  Small  v acuo le s  a re  
u s u a l l y  p r e s e n t  benea th  the l eve l  of  the n u c l e i  ( F ig .  75) .  
Mi tochondr i a  do not  appear to be s e v e r e l y  a f f e c t e d ,  but  some 
seem to be e n l a r g e d .  Only few s t a c k s  of  c i s t e r n a e  of  the 
endoplasmic r e t i c u l u m  a re  seen; o t h e r s  a re  d i s p e r s e d .  Some 
c i s t e r n a e  a re  narrow;  t h e r e  i s ,  however,  an i r r e g u l a r i t y  
of the a t t a c h e d  r ibosomes (F ig .  76) .  F ree  r ibosomal  r o s e t t e s  
a re  not  a l t e r e d .  Many f a t  d r o p l e t s  a re  p r e s e n t .  These a re  
of v a r i a b l e  s i z e  ( approx ima te ly  75-250m u) and a re  co n t a in ed  
w i t h i n  smooth o r ,  o c c a s i o n a l l y ,  r ibosome-covered ,  v e s i c l e s  
(F ig .  76) .  The l a r g e s t  d r o p l e t s  a r e  seen w i t h i n  the  Golgi  
complex.  D r o p l e t s  of a s i m i l a r  s i z e ,  f r e e  of membranes, 
which appear  to cor respond to chy lomicra ,  a re  observed in
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i n t e r c e l l u l a r  spaces beneath  the l e v e l  of the n u c l e i  (Fig .
75) .  During the d i s c h a rg i n g  p r o c e s s ,  t hese  d r o p l e t s  a re  
o c c a s i o n a l l y  seen w i t h i n  c a v e o l a e ,  the membrane of  which i s  
d e n s e .
The plasma membrane of many e n t e r o c y t e s  shows d i s c o n ­
t i n u i t i e s .  F u r t h e r  changes r e s u l t  i n  a complete l o s s  of 
m i c r o v i l l i  (F ig .  77) .  In p l a c e s ,  t h i s  d e f e c t  i s  covered by 
an i r r e g u l a r  plasma membrane. S ub jacen t  to t h i s ,  t h e r e  are  
the remnants  of the t e rmina l  web. Swol len mi to ch o n d r i a  a re  
seen benea th  the t e rmina l  web. O c c a s i o n a l l y  l i p i d  d r o p l e t s  
a r e  seen which lack  a l i m i t i n g  membrane. V a c u o l e - l i k e  
d i l a t a t i o n s  of the i n t e r c e l l u l a r  space occur  above the  l eve l  
of  a n u c l e u s .  Some vacuo les  which resemble  mu1t i v e s i c u l a r  
b o d ie s ,  i n c r e a s e  in  number.
Most v i l l i  show e x t e n s i v e  d e f e c t s  of the e p i t h e l i u m .
When the edge of a d e f e c t  i s  examined i t  i s  seen t h a t  the 
e n t e r o c y t e s  show graded a l t e r a t i o n s .  Those which a r e  l o c a t e d  
at  the base  of  a v i l l u s  d i s p l a y  an i n c r e a s e d  fo rmat ion  of 
v e s i c l e s  formed by endoplasmic r e t i c u l u m  a t  the expense of 
c i s t e r n a e  (F ig .  78) .  The v e s i c l e s  c o n t a i n  f i n e l y  g r a n u l a r  
m a t e r i a l  of low e l e c t r o n  d e n s i t y  or  small  f a t  d r o p l e t s .  
Ci rcumscr ibed  d i l a t a t i o n s  of the i n t e r c e l l u l a r  space appear ,  
which a re  l o c a t e d  i n  segments between two desmosomes. Some 
spaces appear  as vacuo les  w i t h i n  the c e l l .  C i s t e r n a e  of  
the endoplasmic r e t i c u l u m  a re  f r e q u e n t l y  seen c l o s e  to the
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m i t ochondr i a .  These show a r a t h e r  p e c u l i a r  a l t e r a t i o n .  In
t h i s  the membranes of the m i t o c h o n d r i a l  envelope a re  of
g r e a t e r  d e n s i t y  around segments of  the  p e r i m e te r  and appear
in t he se  p l a c e s  to be almost  s t r a i g h t  ( F i g s .  78; 79a) .  The
o
th i c k n e s s  (50-60A) and t r i p l e - 1ayered p a t t e r n  of t h e s e  mem­
branes  i s  not  a l t e r e d  markedly (F ig .  8 0 c ) • In a d d i t i o n  to 
the i n c r e a s e d  d e n s i t y  of m i t o c h o n d r i a l  membranes, dense  mat ­
e r i a l  seems to be p r e s e n t  w i t h i n  the o u t e r  m i t o c h o n d r i a l  
chamber.  C i s t e r n a e  of the Golgi  complex show an i n c r e a s e  
in l e n g th .
In e n t e r o c y t e s  l o c a t e d  c l o s e  to the  d e f e c t ,  t h e s e  changes 
are  a c c en t u a t e d .  The endoplasmic r e t i c u lu m  i s  comple te ly  
t ransformed in to  v e s i c l e s  which c o n t a i n  numerous f a t  d r o p ­
l e t s  (F ig .  79a) .  Golgi c i s t e r n a e  form curved or  c o n c e n t r i c  
a r r a y s  which enc lose  and a re  in  t u r n  sur rounded by vacuo le s  
c o n t a in in g  f a t  d r o p l e t s  (F ig .  8 0 d ) . M i c r o v i l l i  of the  b rush  
borde r  a re  d i s t o r t e d  and vary  in  w id th .  F i l a m e n t s  occupy 
the  whole width  of  each m i c r o v i l l u s .  With p r o g r e s s i v e  a l t ­
e r a t i o n ,  the m i c r o v i l l i  become fragmented i n  p l a c e  of con­
s t r i c t i o n  ( F i g s .  79a; 79b).  The plasma membrane and fuzzy
laye r  a r e  p r e s e r v ed  (F ig .  8 0b ) . The f i l a m e n t s  of  the  term­
in a l  web a r e  d i s p e r s e d  in  a wide zone benea th  the a p i c a l  
plasma membrane and a re  not c l e a r l y  d e f in e d  (F ig .  79b) .  The 
same change a f f e c t s  the  r o o t l e t s  of  f i l a m e n t s .  Immediate ly 
benea th  t h i s  zone,  e lo n g a t ed ,  f i n e l y - g r a n u l a r  clumps of  dense
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m a t e r i a l  a r e  seen (F i g s .  79b; 81) .  A few small  clumps of
the same m a t e r i a l  occur  deep ly  in  the cytoplasm.  The plasma 
membrane a long the l a t e r a l  c e l l  s u r f a c e  i s  h i g h l y  i r r e g u l a r  
and in  p l a c e s ,  cannot  be d e t e c t e d .  Some desmosomes a r e  
d i s s o c i a t e d  and abnormal i n t e r c e l l u l a r  spaces formed.
Rounded c e l l  p r o c e s s e s ,  f r e e  or  o r g a n e l l e s ,  may be seen 
between the  ba sa l  p o r t i o n s  of the  c e l l s .  These show d i s ­
rupt  ion.
C e l l s  which undergo desquamat ion a re  loosened ,  a cq u i r e  
an i r r e g u l a r  shape and become surrounded by d e b r i s  ( F ig .  81) .  
This  i s  formed by the d i s i n t e g r a t i o n  of the  o u t e r  cy top lasmic  
l a y e r .  The plasma membrane i s  l o s t  a long most of the  p e r ­
imete r  and the brush borde r  f ragmented.  B es ides  advanced 
cy toplasmic  changes the chromat in ,  .. r e g a rd l e s s  of the  s i z e  
of  the  n u c l e u s ,  becomes markedly condensed (F ig .  81 ) .  These 
pykno t i c  masses d i s p l a y  r e g u l a r  o u t l i n e s  and d e l i n e a t i o n  
towards the  nucleoplasm.  Sometimes the remnant of  a c e l l  
which i s  be ing desquamated,  remains a t t a c h e d  to the  n e a r e s t  
e n t e r o c y t e .  These remnants o f t e n  pos se s s  o r g a n e l l e - f r e e ,  
i r r e g u l a r  p r o t r u s i o n s  of  cytoplasm (F ig .  8 0 q ) . O the r  c e l l s  
found in  the  edge of  desquamat ion appear  to have g r o s s l y  
d e f e c t i v e  ap i ca l  a r e a s ,  a l though  they remain in  c o n t a c t  w i th  
the basement membrane.
In s h e e t s  of  e p i t h e l i u m  which a r e  l i f t e d  in  c o n t i n u i t y  
above the basement membrane the c e l l s  a t  the d e f e c t  n e a r  the
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apex a r e  always s e v e r e l y  a l t e r e d .  Remote c e l l s  in  the  shee t  
show a d i s r u p t i o n  a t  the base  which i s  d i f f i c u l t  to d i s t i n g ­
u i s h  from a r t i f a c t ,  s ince  f u r t h e r  a l t e r a t i o n s  in  t he se  c e l l s  
a r e  comparable to those  seen in  undesquamat ing c e l l s .
In many c a s e s ,  the f i r s t  c e l l  encountered  on the edge 
of  a d e f e c t  i s  a gob le t  c e l l  (F ig .  82a) .  The c e l l  shape 
may be changed and c e l l  o r g a n e l l e s  show some d i sp lacemen t  
(F ig .  82b) ,  but  the endoplasmic r e t i c u l u m  in  c o n t r a s t  to 
t h a t  of  a l t e r e d  e n t e r o c y t e s ,  r e t a i n s  i t s  c i s t e r n a l  c o n f i g ­
u r a t i o n .  While the Golgi c i s t e r n a e  are  a l s o  d i l a t e d  and 
mucous g ranu le s  vary  abnormal ly i n  e l e c t r o n  d e n s i t y ,  o t h e r  
o r g a n e l l e s  do not show s t r i k i n g  a l t e r a t i o n s  (F ig .  82a) .  
D e f e c t s  of plasma membrane a re  r a r e  and occur  only  above 
mucous g ra n u l e s .
Goblet  c e l l s ,  shed i n t o  the lumen, a l so  show changes 
which a r e  l e s s  severe  than t hose  of  e n t e r o c y t e s  in  the same 
p l a c e .  In t h e s e  changes,  endoplasmic r e t i c u l u m  i s  broken 
i n t o  f a i r l y  uni form v e s i c l e s  which c o n t a i n  subs tances  of 
medium e l e c t r o n  d e n s i t y .  Mi tochondr i a  a re  swol len .  Golgi 
c i s t e r n a e  a re  t r ans formed i n t o  membranous a r r a y s  of unusual  
l e n g t h .  This  change i s  of the  same c h a r a c t e r  as t h a t  in  
e n t e r o c y t e s  but  because  of the lack  of f a t  accumula t ion ,  
appea rs  more prominent .
A f t e r  one h o u r ’ s i schaemia ,  the  c r y p t  e p i t h e l i u m  shows 
only  a s w e l l i n g  of  m i tochondr i a .
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Lamina p r o p r i a  mucosae:
30 minutes
Fine  s t r u c t u r a l  a l t e r a t i o n s  in  the lamina p r o p r i a  a re  
seen a t  the e a r l i e s t  s t age  examined.  Most of  the c e l l s  in  
the a p i c a l  a r e a s  of v i l l i  have swol len m i to c h o n d r i a .  The 
endoplasmic r e t i c u l u m  becomes t ransformed i n t o  l a r g e  c i r c ­
u l a r  p r o f i l e s .  The c i s t e r n a e  of endoplasmic r e t i c u lu m  in  
some plasma c e l l s  a re  d i l a t e d  to a degree  which i s  ve ry  
r a r e l y  seen in  normal con t ro l s . ,  Swol len p r o c e s s e s  which 
c o n ta in  r ibosomes or no o r g a n e l l e s  a re  i n t e r p o s e d  among the 
c e l l s .  Many c e l l s  show d e f e c t s  of the plasma membrane and 
o r g a n e l l e s  appear  in te rmixed  in  the  i n t e r c e l l u l a r  space 
(F ig .  84a) .  C a p i l l a r i e s  show a marked swe l l i ng  of the  endo­
the l ium.  This  a f f e c t s  the cy toplasmic  m a t r ix  and u s u a l l y  
v a r i e s  a long the p e r im e t e r  of a c a p i l l a r y  (F ig .  85) .  The 
Golgi complex which i s  u s u a l l y  d i f f i c u l t  to see in  normal 
c a p i l l a r i e s ,  appears  to be prominent  in  the  p a l e  voluminous 
cy top lasmic  a r e a s .  M ic ro tubu le s  and p i n o c y t o t i c  v e s i c l e s  
show i n c r e a s e d  r e l a t i v e  c o n t r a s t .  The p r e c i p i t a t e d  blood 
plasma w i t h i n  the  c a p i l l a r y  lumen i s  i n c r e a s ed  somewhat in  
d e n s i t y .  The basement membrane i n  most c a se s  appears  to be 
l e s s  d e f i n e d  than in  normal c a p i l l a r i e s .  F r e q u e n t l y  e r y ­
t h r o c y t e s  f i l l  the  lumen almost  comple te ly .
Col l agen  and i nt  e r f i b r i 11a r  m a t r i x ,  which in  most con­
t r o l s  s t a i n  p o o r ly  were i n  some i n s t a n c e s  seen to be u n u s u a l l y
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dense  in  t hese  a l t e r e d  a r e a s  (F ig .  73) •
30 minutes  - one hour
A l t e r a t i o n s  of the v i l l u s  core  benea th  the  area  of  the  
e p i t h e l i a l  d e f e c t  a f t e r  desquamat ion a r e  not  un i fo rm.  The 
most e x t e n s i v e  changes are seen in  the a p i c a l  p o r t i o n .  Most 
c e l l s  he re  are  e x t e n s i v e ly  swol len and d i s i n t e g r a t e d .  At 
the same t ime,  abnormal spaces appear  between c e l l  remnants 
which c o n t a i n  r e l e a s e d  o r g a n e l l e s  and d e b r i s  (F ig .  86) .  
Plasma c e l l s  and lymphocytes and e o s i n o p h i l s  a r e  more r e s ­
i s t a n t  to d i s i n t e g r a t i o n .  The plasma c e l l s ,  which a r e  d i s ­
r u p t e d ,  show almost  i n v a r i a b l y ,  breakdown of the  c i s t e m a e  
of the endoplasmic r e t i c u l u m  i n t o  r o u g h - s u r f a ce d  v e s i c l e s .  
Blood c a p i l l a r i e s  a re  d i s t e n d e d  by s t a s i s  of  e r y t h r o c y t e s  
and the endothel ium breaks  down in  many p l a c e s  (F ig .  87b).
A d i l a t e d  endoplasmic r e t i c u l u m  and en la rged  Golgi complex 
i s  seen in  p e r i n u c l e a r  cytoplasm (F ig .  87a) .  Some c a p i l l ­
a r i e s  show more e x t e n s iv e  changes and c o n t a in  i r r e g u l a r l y  
p a i r e d  membranes and dense  g ranu le s  or  sp h e ru l e s  which 
p a r t i a l l y  or comple te ly ,  r e p l a c e  the  endothel ium.  E r y t h r o ­
c y t e s  a r e  p r e s e n t  in  the lumen. These changes w i l l  be d e s ­
c r i b e d  in  d e t a i l  l a t e r .  In  o t h e r  v e s s e l s ,  p l a t e l e t s  are 
adheren t  to the endothel ium.
Few f e a t u r e s  c h a r a c t e r i s e  the denuded s u r f a c e  of  the 
v i l l u s  c o re .  The basement  membrane has a s t r i k i n g l y  uneven 
u n d u l a t i n g  cour se ,  c o n s i s t i n g  of bo th  co a r s e  and f i n e  f o l d s .
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The zone of c o l l a g e n  f i b r i l s  b e n e a t h  t he  basement  membrane 
i s  wide .  B re a k s  i n  the  basement  membrane a r e  r a r e  and were  
u s u a l l y  seen  n e a r  c a p i l l a r i e s .  The f o l d i n g  o f  t he  basement  
membrane i s  seen a l s o  b e n e a t h  t he  e p i t h e l i u m  i n  t he  edge of  
the  d e f e c t  ( F i g .  82a ) .
Towards the  b a s e  of the  v i l l u s  t h e  breakdown of  t h e  
denuded c o n n e c t i v e  t i s s u e  i s  l e s s  e x t e n s i v e .  The c e l l s  h e r e  
may show e x t e n s i v e  f r a g m e n t a t i o n  o f  t h e  p lasma  membrane,  
b u t  o n l y  some a re  f u r t h e r  d i s i n t e g r a t e d .
The mas t  c e l l s  c o n t a i n  g r a n u l e s  which v a r y  i n  t h e  d e n ­
s i t y  and p rominence  of  i n t e r n a l  s t r u c t u r e .  The s pa ce s  
be tw ee n  g r a n u l e s  and t h e i r  membranes i n c r e a s e  i n  w i d t h  and 
some g r a n u l e s  d i s a p p e a r .  A few c e l l s ,  however ,  have  a normal  
a p p e a r a n c e  of  g r a n u l e s  and show o n l y  s l i g h t  d i l a t a t i o n  o f  
e ndop la smic  r e t i c u l u m .
The a l t e r a t i o n  of  t he  g r a n u l e s  o f  e o s i n o p h i l i c  l e u c o c y t e s  
c o n s i s t s  o f  the  d i s i n t e g r a t i o n  of  ex te rnum and membranes;  
the  i n t e r u m  i s  i n v a r i a b l y  p r e s e r v e d .
S y n a p t i c  v e s i c l e s  and n e u r o t u b u l e s  a r e  p r e s e n t  i n  n e r v e  
f i b r e s  and the  axolemma i s  a l t e r e d  l e s s  t h a n  membranes of  
o t h e r  c e l l s .
Smooth musc le  c e l l s  a r e  d e vo id  of  p i n o c y t o t i c  v e s i c l e s  
and the p l a sma  membrane b r e a k s  down i n  many p l a c e s .
The a r e a  s u b j a c e n t  to  t h e  denuded v i l l u s  c o r e  h a s  a 
compact  a p p e a ra n c e  ( F i g .  8 8 ) .  The c e l l s  v a r y  i n  a p p e a r a n c e
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between r e t i c u l u m  c e l l s  and macrophages and form prominent  
i n t e r l o c k i n g  p r o c e s s e s .  O rg a n e l l e s  a re  c o n c e n t r a t e d  w i t h i n  
the c e l l  b o d ie s  and have a normal appearance;  the  Golgi 
c i s t e r n a e  a r e  however d i l a t e d .  In most c e l l s ,  Golgi  v e s i c l e s  
a re  ex t remely  numerous and a re  crowded between o r g a n e l l e s  
a l l  over  the c e l l  body (F ig .  89) .  Most of t he se  v e s i c l e s  
a r e  co a t ed .  Mic ro tubu le s  in  many c e l l s  a r e  o r i e n t a t e d  in  a 
r a d i a l  d i r e c t i o n  or l i e  p a r a l l e l  to the b o rd e r  of t he  e c t o ­
plasm.  Chromat in i s  c o n c e n t r a t e d  in  a r eas  nea r  the p e r i ­
phery of the  nuc leus .  Cytoplasmic p r o c e s s e s  u s u a l l y  c o n t a i n  
only  a few r ibosomes.
In those  r a r e  cases  where t h e r e  i s  no d e f e c t  of e p i t h e l ­
i a l  c o n t i n u i t y  a t  1 hour ,  no g ross  d i s i n t e g r a t i o n  in  the  
lamina p r o p r i a  occu r s ,  the  changes j u s t  d e s c r i b e d  a r e  seen 
in  a r e a s  c lo s e  to the apex of  the v i l l u s .  In  some p l a c e s ,  
however,  the arrangement  of c e l l  p r o c e s s e s  i s  l e s s  compact.  
Many caveo lae  and v e s i c l e s  are formed and c o n t a i n  p a r t i c l e s  
i d e n t i c a l  i n  appearance to chylomicra  (Fig* 84b) .  These 
a r e  a l so  p r e s e n t  in  moderate  amounts between the p r o c e s s e s .
In a r e a s  c lo s e  to d r a s t i c a l l y  a l t e r e d  t i s s u e  the  c e l l  
p r o c e s s e s  show swe l l ing  and sometimes d i s r u p t i o n  of  the 
plasma membrane.
The plasma c e l l s  which occur  i n  t h e s e  zones r e t a i n  t h e i r  
i n t e g r i t y  and normal c o n f i g u r a t i o n  of o r g a n e l l e s .  The
cy top la smic  m a t r i x  however,  i n c r e a s e s  in  d e n s i t y  to a degree
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comparable  w i th  the c o a g u l a t i o n  n e c r o s i s  (F ig .  88) d i s c u s s e d  
in  Chapte r  3.
There  i s  a l s o  an i n c r e a s e d  number of phagosomes observed 
in  t h i s  r e a c t i v e  zone.  While t h e i r  compos i t ion  i s  s i m i l a r  
to t h a t  of  normal t i s s u e ,  they a r e  f r e q u e n t l y  l a r g e r .  Large 
phagosomes show a complex arrangement  of components (F ig ,  
90b) .  In  some cases  the p e r i p h e r y  of  phagosomes i s  not 
sh a r p l y  d e f i n e d  and o r g a n e l l e s  a re  seen c l o s e  to i t  (F ig ,
9 0 a ) . In  r a r e  i n s t a n c e s ,  g r a n u l e s  of  e o s i n o p h i l i c  l e u c o ­
c y t e s  were observed w i t h i n  such i n c l u s i o n s .
The changes which occur  in  lower p o r t i o n s  of  the  lamina 
p r o p r i a  a re  l e s s  i n t e n s e .  Some c e l l s  have swol len m i t o ­
c h o n d r i a ,  In  e n d o t h e l i a l  c e l l s  m i to c h o n d r i a  a re  sometimes 
seen in  c l o s e  a s s o c i a t i o n  w i th  l i p i d  d r o p l e t s .  The Golgi  
complex i s  e n l a r g e d .  There i s  s t a s i s  i n  t he se  v e s s e l s ,  but  
d i s t e n t i o n  of  the  wa l l  i s  much l e s s  prominent  than i n  v i l l u s  
c a p i l l a r i e s .  The plasma membrane of  some e n d o t h e l i a l  c e l l s  
forms f o ld s  and small  p r o c e s s e s  on the luminal  s u r f a c e .
Changes seen in  smooth muscle c e l l s  of the m u s c u l a r i s  
a re  s l i g h t .  Mi tochondr i a ,  though they are not  swol len ,  occur  
in  small  groups in  c o n t r a s t  to t h e i r  be ing  i s o l a t e d  in  
normal c e l l s .  P i n o c y t o t i c  v e s i c l e s  seem to be dec rea s e d  in  
number. Nerve f i b r e s  in  the m u s c u l a r i s  do not  d i f f e r  i n 
appearance from those  in  c o n t r o l  an imals .
One hour of recirculation:
Epithelium
The epithelium becomes detached from the basement mem­
brane in long continuous sheets without cell disintegration. 
Single cells are extruded from areas of the epithelium which 
remain in situ. In these instances, the cell being extruded 
remains attached to those remains attached to those remain­
ing in situ, and no defect in epithelium continuity was 
detected. The plasma membranes are tortuous, but the inter­
cellular gap is only slightly irregular. Tight junctions 
are seen along the edges of adherent plasma membranes (Fig.
91) .
Sometimes groups of cells remaining in continuity extrud­
ing into the lumen, are "anchored" to those left, by single 
cells, the plasma membranes of which are still adherent.
Both detached and persistent enterocytes show changes 
which differ from those seen before recirculation (Figs.
92a; 92b). The free surface bulges conspicuously, while
the areas of intercellular contact are indented. The inter­
cellular gap expands to form large spaces which are sealed 
by desmosomes. The brush border is distorted and stretched, 
but fragmentation of microvilli is rarely seen. The terminal 
web disappears as an organised structure, but some remnants 
of filaments are present. The endoplasmic reticulum becomes
changed into long cisternae which may in places form
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c i r c u l a r  p r o f i l e s  enc lo s ing  i n v a g i n a t e d  cytoplasmic  m a t r i x .  
These format ions  a re  f r e q u e n t l y  d i l a t e d .  Large l i p i d  d r o p ­
l e t s  a r e  seen in  the  cy toplasmic  m a t r ix .  M i tochondr i a l  
s w e l l i n g ,  s i n g l e  membrane-bounded v a cu o l e s ,  t r a n s f o r m a t i o n  
of  the Golgi  complex, d i sp lacement  of o r g a n e l l e s  from the 
c e l l  base  and n u c l e a r  changes ,  a r e  s i m i l a r  to t h a t  d e s c r i b e d  
a t  1 hour of  i schaemia .  Few cytolysomes a r e  p r e s e n t .  Sim­
i l a r ,  but  l e s s  profound,  changes are seen in  gob le t  c e l l s .  
These may remain a t t a c h e d  to the  basement membrane, wh i l e  
ne ig h b o u r in g  c e l l s  a re  de tached .
Lamina p r o p r i a
The degree  of  d i s i n t e g r a t i o n  of  c e l l s  i n  the n e c r o t i c  
zone of  the v i l l u s  core  i s  g r e a t e r ,  a l though c e l l  remnants 
a r e  s t i l l  r e c o g n i s a b l e .  D i s r u p t i o n s  of  the  denuded e p i t h e l ­
i a l  basement membrane a re  more f r e q u e n t  and are  accompanied 
by l o s s  of  d e b r i s  from u n d e r n e a t h .  Al l  c a p i l l a r i e s  w i t h i n  
the n e c r o t i c  zone a re  thrombosed.  Many p l a t e l e t s ,  e r y ­
t h r o c y t e s  and some polymorphs a re  p r e s e n t .  Membranes and 
s p h e r u l e s ,  t o g e th e r  wi t h  some cy toplasmic  remnants ,  a r e  seen 
in  the  p l a c e  of the endothel ium.  The thrombosed c a p i l l a r i e s  
and s m a l l e s t  venu les  in  the ba sa l  p o r t i o n  of  the  n e c r o t i c  
t i s s u e  and in an a r ea  a d j a c en t  to the n e c r o s i s ,  show c o l l ­
o ida l  ca rbon  l a b e l l i n g  which i n d i c a t e s  t h a t  the  thrombosis  
i s  secondary to r e c i r c u l a t i o n .  In  some of  t h e s e  v e s s e l s ,  
even those  c lo s e  to the denuded s u r f a c e ,  the endothel ium i s
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p r e s e r v e d .  Some l a b e l l e d  thrombosed c a p i l l a r i e s  show small 
gaps between endothel ium,  which a re  covered by thrombocytes  
(F ig .  87c) .
C e l l s  in the b a s a l  n e c r o t i c  a r e a  show le s s  d i s i n t e g r a t ­
ion .  O c c a s i o n a l l y  a small  amount of  d e b r i s  may be seen 
e n t e r i n g  the gap between lymphat ic  e n d o t h e l i a l  c e l l s  which 
do not  show marked a l t e r a t i o n s .  Al though a r t i f a c t  cannot 
be exc luded ,  t h i s  may r e p r e s e n t  a passage  of d e b r i s  towards 
l a c t e a l s .
In o r d e r  to study the f u r t h e r  s t a g e s  of c e l l  d i s i n t e g ­
r a t i o n ,  the mucosa of  a c losed  loop of the i leum was 
examined 24 hours  a f t e r  i n t r a p e r i t o n a l  i m p l a n t a t i o n  ( see  
M a t e r i a l  and Methods) .  E n t e r o c y t e s ,  a l though  s ev e re ly  
a l t e r e d ,  r e t a i n  a d i s t o r t e d  and fragmented brush  b o r d e r ,  
which remains in  c o n t i n u i t y  wi th  t he  remnants o f  the c e l l .  
D i s i n t e g r a t i n g  mi tochondr i a  a re  r e c o g n i s a b l e  by means of 
c r i s t a e  remnants .  Small  v e s i c l e s  of  va ry in g  s i z e  which 
occur  i n  g r e a t  numbers,  a r e  a p p a r e n t l y  d e r i v e d  from endo­
plasmic  r e t i c u l u m  (Fig .  93a) .  S i m i l a r  changes a r e  seen in  
d i s i n t e g r a t e d  mucosal s t roma,  a l though  the remnants of 
o r g a n e l l e s  cannot  u s u a l l y  be i d e n t i f i e d  fo r  c e r t a i n .  The 
appearance  of n u c l e i  i s  c h a r a c t e r i s t i c  (F ig .  93b) .  A dense 
subs tance  d e r i v e d  from chromat in ,  forms a meshwork wi th  
empty i n t e r s t i c e s .  The remaining space i n s i d e  the n u c l e u s ,  
i s  occupied  by a l e s s  dense  subs tance  which co n t a i n s  some
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p o o r l y  d e f i n e d  p a r t i c l e s .  T h e s e  d i s i n t e g r a t e d  c e l l  r e m n a n t s  
a n d  n u m e r o u s  b a c t e r i a  a r e  p h a g o c y t o s e d  b y  w e l l - p r e s e r v e d  
p o l y m o r p h s .
DISCUSSION
When a c o m p a r i s o n  o f  i s c h a e m i c  c h a n g e s  s e e n  i n  t h e  i n ­
t e s t i n a l  m u c o s a  w i t h  t h o s e  s e e n  i n  o t h e r  o r g a n s  i s  m a d e ,  i t  
b e c o m e s  a p p a r e n t  t h a t  t h e  f o r m e r  p r o c e e d  w i t h  u n u s u a l  r a p ­
i d i t y  t o  n e c r o s i s  and d i s i n t e g r a t i o n .  T h e  a p p e a r a n c e  o f  
e n t e r o c y t e s  a f t e r  30  m i n u t e s  o f  i s c h a e m i a  l e a v e s  l i t t l e  
d o u b t  o f  t h e i r  b e i n g  s e v e r e l y  a l t e r e d .  T h e  d i f f u s e  d e c r e a s e  
o f  e l e c t r o n  d e n s i t y  o f  c y t o p l a s m i c  m a t r i x ,  t o g e t h e r  w i t h  
t h e  i n c r e a s e  o f  t h e  c e l l  v o l u m e  and s w e l l i n g  o f  s o me  c e l l  
o r g a n e l l e s  p r o b a b l y  r e p r e s e n t s  c e l l  o e d e m a .  T h i s  w a s  
o b s e r v e d  i n  e l e c t r o n  m i c r o s c o p i c a l  s t u d i e s  o f  i s c h a e m i c  
l i v e r  ( B a s s i  an d  B e r n e  1 1 i - Z a z z e r a , 1 9 6 4 ) ,  m y o c a r d i u m
( C a u l f i e l d  an d  K l i o n s k y ,  1 9 5 9 ;  J e n n i n g s ,  Baum an d  H e r d s o n ,  
1 9 6 5 ) ,  k i d n e y  ( T h o e n e s ,  1 9 6 2 ;  T o t o v i c ,  1 9 6 6 )  and a c c o m p a n ­
i e s  s i m p l e  p o s t  m o r t e m  a u t o l y s i s  ( L a t t a ,  O s v a l d o ,  J a c k s o n  
and C o o k ,  1 9 6 5 ;  C o o k ,  O s v a l d o ,  J a c k s o n  a n d  L a t t a ,  1 9 6 5 ;  
T r u m p ,  G o l d b l a t t  and S t o w e l l ,  1 9 6 2 ) .  I n  s o me  e n t e r o c y t e s ,  
h o w e v e r ,  p a r t i c u l a r l y  t h o s e  s e e n  o n  v i l l i  w h i c h  do  n o t  show  
m a r k e d  e p i t h e l i u m  d e f e c t s  a f t e r  1 h o u r  o f  i s c h a e m i a ,  i t  
c o u l d  b e  s e e n  t h a t  o e d e m a  o f  t h e  c y t o p l a s m i c  m a t r i x  w a s  n o t  
a c c o m p a n i e d  b y  c o m p a r a b l e  d e g r e e s  o f  s w e l l i n g  o f  t h e
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endoplasmic r e t i c u l u m  and m i tochondr i a  such as i s  seen in 
the case  of  i schaemia  and a u t o l y s i s  of  o t h e r  t i s s u e s .  The 
mi tochondr i a  of e n t e r o c y t e s  d u r in g  ischaemia show some 
unusua l  f e a t u r e s .  I n t r a m i t o c h o n d r i a l  dense  g r a n u l e s  remain 
a t  l e a s t  in  p a r t ,  p r e s e r v ed  fo r  the f i r s t  hour of i schaemia .  
This  i s  a t  v a r i a n c e  wi th  t h e i r  r a p id  d i s a p p e a ran c e  i n  the  
e a r l y  s t a g e s  of i schaemia  (B a s s i ,  and Berne i  1i - Z a z z e r a ,  1964) 
or  a u t o l y s i s  (Trump, G o l d b l a t t  and S t o w e l l ,  1962; 1965a) in
h e p a t o c y t e s .  In dog myocardium they a r e  r a r e  or  absen t  
under  normal c o n d i t i o n s  and l a r g e  a t y p i c a l  g r an u le s  appear  
in  a l t e r e d  c e l l s  (Herdson,  Sommers and J e n n i n g s ,  1965; 
J e n n i n g s ,  Baum and Herdson,  1965).  The p e c u l i a r  changes 
in  m i to c h o n d r i a l  c o n f i g u r a t i o n  seen a t  1 hour which c o n s i s t  
of  d e n s i f i c a t i o n  and s t r e n g t h e n i n g  of the  o u t e r  membranes 
have n o t ,  so f a r ,  been d e s c r i b e d  in  i schaemia .  An exac t  
p a r a l l e l  i s  d i f f i c u l t  to f i n d ,  even in  a wide v a r i e t y  of 
m i t o ch o n d r i a l  a l t e r a t i o n s  accompanying o t h e r  p r o c e s s e s  ( c . f .  
Trump and E r i c s s o n ,  19o5bX. The s w e l l i n g ,  s egmenta t ion  and 
v e s i c u l a r  t r a n s f o r m a t i o n  of  the endoplasmic r e t i c u l u m  d e s ­
c r i b e d  dur ing  i schaemia ,  oxygen d e p r i v a t i o n  and a u t o l y s i s  
(Bassi  and B e r n e l l i - Z a z z e r a ,  1964; J e nn i n g s ,  Baum and 
Herdson,  1965; Herdson,  Sommers and J e n n i n g s ,  1965; 
C a u l f i e l d  and Kl ionsky ,  1959; Trump, G o l d b l a t t  and S t o w e l l ,  
1962, 1965d; S t e n g e r ,  S p i r o ,  S c u l l y  and Shannon, 1962; 
Webster  and Ames, 1965) i s  a common and n o n - s p e c i f i c  change.
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In e n t e r o c y t e s  dur ing  i schaemia the  p re sence  of f a t  d r o p l e t s  
w i t h i n  the v e s i c l e s  of endoplasmic r e t i c u l u m  i s  seen in  
a d d i t i o n .  This  seems to p a r a l l e l  f a t  a b s o r p t i o n  in  normal 
c e l l s .  I t  i s  u n l i k e l y ,  however,  t h a t  the  p r oces s  r e p r e s ­
e n t s  an i n c i d e n t a l  f a t  a b s o r p t i o n ,  s ince  no c o n t r o l  an imals ,  
s t a rv e d  fo r  the same t ime,  showed comparable amounts of 
i n t r a c e l l u l a r  l i p i d .  I t  can be assumed t h a t  the  i n c r e a s e  
i s  a m a n i f e s t a t i o n  of the d i s t u r b e d  ba l ance  between f a t  
up take  and d i s c h a r g e  in  e n t e r o c y t e s .  Our o b s e rv a t i o n s  
sugges t  t h a t  a l t e r e d  c e l l s  d i s c h a r g e  f a t  d r o p l e t s  through 
the plasma membrane of the l a t e r a l  c e l l  s u r f a c e .  The p o s s ­
i b i l i t y  t h a t  the p r oces s  r e p r e s e n t s  p i n o c y t o t i c  up take  is  
u n l i k e l y .  Whether ,  however,  the r a t e  of f a t  d i s c h a r g e  i s  
d e c r ea s e d  cannot  be a s c e r t a i n e d .  As reviewed in  Chap te r  1, 
the  evidence  a v a i l a b l e  i n d i c a t e s  t h a t  t r i g l y c e r i d e s  a re  
r e s y n t h e s i s e d  in  the  p ro ces s  of f a t  a b s o r p t i o n  by the  endo­
p lasmic  r e t i c u l u m .  Changes in  (5 - 1 ipopro t e in  d e f i c i e n c y  
and a f t e r  e th i o n i n e  a d m i n i s t r a t i o n  sugges t  t h a t  d e f e c t i v e  
p r o t e i n  s y n t h e s i s  l eads  to f a t  accumula t ion  in  the  e n t e r o -  
c y t e .  These p r o c e s s e s  may not  n e c e s s a r i l y  be d e s t r o y e d  at  
e a r l y  s t age  of  i schaemia ,  an assumpt ion suppor ted  by the  
ev idence  of co n t i n u i n g  p r o t e i n ,  p h o sp h o l i p i d  and f a t t y  ac id  
s y n t h e s i s  in  the l i v e r  p rov ided  adenosine t r i p h o s p h a t e  i s  
a v a i l a b l e  (Dawkins,  Judah and Rees ,  1959).  A d e c rea sed  r a t e  
or  p r o t e i n  s y n t h e s i s ,  though f a t  s y n t h e s i s  c o n t i n u e s ,  would
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lead to fat accumulation because of the decreased formation 
of a phase which can be discharged. Although this would be 
a hypothetical assumption in considering ischaemia of the 
gut, it is likely that this mechanism, causing fat accum­
ulation in the enterocytes, operates during ethionine intox­
ication (Sabesin and Isselbacher, 1965) and in many instances 
of fat accumulation in the liver (Lombardi, 1965; 1966;
Magee, 1966), The possibility that similar mechanisms op­
erate during ischaemia is suggested by an increase of drop­
lets in the endoplasmic reticulum and in the Golgi complex, 
which was observed in hepatocytes (Bassi and Bernelli- 
Zazzera, 1964). The structural manifestation of these 
changes is difficult to demonstrate. Irregularity of ribo- 
somal attachment and vesiculation of the endoplasmic retic­
ulum which might suggest a disturbed proteosynthesis and 
transport of material within cisternae is also seen during 
lipid absorption in normal animals. At later stages, the 
presence of lipid in severely altered enterocytes is likely 
to be due to its persistence rather than to any continuing 
formation of droplets.
The source of the lipid contained within enterocytes is 
unknown. Although it is (in the case of ischaemia) assumed 
to have an exogenous origin, the possibility of an endo­
genous release must also be considered. This is likely in 
the case of large lipid droplets seen without limiting
163
membrane, which i n c r e a s e  in  number w i th  the p r o g r e s s i o n  of  
the i schaemic changes .  L ip id  d r o p l e t s  have been d e s c r i b e d  
in  some o t h e r  i schaemic t i s s u e s  (Bassi  and Bernei  1i - Z a z z e r a , 
1964; S t e n g e r ,  S p i r o ,  S c u l l y  and Shannon, 1962).  T h e i r  
appearance  was unremarkab le ,  however,  and s i m i l a r  to t h a t  
seen in  v a r io u s  o t h e r  c o n d i t i o n s  and normal t i s s u e s .
The o r i g i n  of vacuo les  which occur  in  some i schaemic 
e n t e r o c y t e s  has not  been de te rmined .  In  some i n s t a n c e s  
th e s e  vacuo les  may not  be e a s i l y  d i s t i n g u i s h e d  from invag­
i n a t i o n s  of  e x t r a c e l l u l a r  space i n t o  the c e l l .  In g e n e r a l ,  
however,  they a re  r e l a t e d  to cy toplasmic  oedema, as in  the  
i schaemic  l i v e r  (Bassi  and B e r n e 11i - Z a z z e r a , 1964).  Oudea 
(1963) d e s c r i b e d  vacuo le s  in  hypoxic l i v e r  which were of 
p i n o c y t o t i c  o r i g i n .  Al though t h i s  was not  demons t ra t ed  in  
the  e n t e r o c y t e s  i t  must be co n s i d e r e d .
A marked i n c r e a s e  in  the  l en g th  of the  c i s t e r n a e  of  the 
endoplasmic r e t i c u lu m  w i th  fo rmat ion  of  c i r c u l a r  c i s t e r n a e  
and p r o t r u s i o n s  of cy toplasmic  m a t r ix  seen a t  one hour  
a f t e r  r e - c i r c u l a t i o n  were not  d e sc r i b e d  in  o t h e r  ischaemic 
t i s s u e s  but  to a much sma l l e r  e x t e n t  were observed d u r in g  
a u t o l y s i s  i n  l i v e r  (Trump, G o l d b l a t t  and S t o w e l l ,  1965d).
The evo lu t i o n  of t h i s  change in  e n t e r o c y t e s  may be a s s o c i a t e d  
w i t h  temporary c e l l  r ecove ry  d u r i n g  an e a r l y  s t a g e  of  r e ­
c i r c u l a t i o n .  Most of the  e n t e r o c y t e s  a t  t h i s  s t a g e  show, 
however,  f u r t h e r  a l t e r a t i o n s  which do not  seem to be
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c o m p a t i b l e  w i t h  s u r v i v a l  and some a r e  d e s q u a m a t e d  -  h e n c e  
t h e s e  a l t e r a t i o n s  may b e  a s s o c i a t e d  w i t h  c o n t i n u i n g  a u t o ­
l y s i s ,  u n d i s t u r b e d  b y  e a r l y  c e l l  d i s r u p t i o n .
T h e  d i l a t a t i o n  o f  t h e  G o l g i  c o m p l e x  w h i c h  w a s  o b s e r v e d  
a t  e a r l y  s t a g e s  i s  t h e  c h a n g e  d e s c r i b e d  i n  o t h e r  i s c h a e m i c  
t i s s u e s  ( B a s s i  and B e r n e i 1 i - Z a z z e r a ,  1 9 6 4 ;  C a u l f i e l d  and  
K l i o n s k y ,  1 9 5 9 )  o r  d u r i n g  a u t o l y s i s  ( T r u m p ,  G o l d b l a t t  and  
S t o w e l l ,  1 9 6 2 ;  1 9 6 5 d ) .
I n  some e n t e r o c y t e s  d i l a t a t i o n  o f  t h e  G o l g i  c o m p l e x  i s  
u n d o u b t e d l y  d u e  t o  f a t  a c c u m u l a t i o n .  E l o n g a t i o n  a n d  c i r c ­
u l a r  t r a n s f o r m a t i o n  o f  G o l g i  c i s t e r n a e  i n  e n t e r o c y t e s  a f t e r  
o n e  h o u r  * s i s c h a e m i a  i s  a n  u n u s u a l  c h a n g e .  A s o m e w h a t  
s i m i l a r  e l o n g a t i o n  w a s  o b s e r v e d  i n  c e r e b e l l a r  n e u r o n s  a s  an  
e a r l y  p o s t  m o r t e m  c h a n g e  ( v a n  N i m w e g e n  and S h e l d o n ,  1 9 6 6 ;  
K a r l s s o n  and  S c h u l t z ,  1 9 6 6 )  b u t  n o t  i n  o t h e r  i s c h a e m i c  t i s s ­
u e s  o r  d u r i n g  a u t o l y s i s .  T h e  m e c h a n i s m  o f  e l o n g a t i o n  o f  
t h e  m e m b r a n e s  i s  n o t  o b v i o u s  b u t  t h e  r e a r r a n g e m e n t  a n d  s u b ­
s e q u e n t  f u s i o n s  o f  c i s t e r n a e  e n d  t o  e n d ,  s e e m s  a l i k e l y  
e x p  1 a n a t i o n .
The  n u c l e a r  c h a n g e s  o b s e r v e d  i n  e n t e r o c y t e s  d u r i n g  
i s c h a e m i a  a r e  o f  t h e  s ame  c h a r a c t e r  a s  t h o s e  s e e n  i n  o t h e r  
s t u d i e s  o f  i s c h a e m i c  c h a n g e s  r e f e r r e d  t o  a b o v e  and  i n  l i v e r  
s u b j e c t  t o  a u t o l y s i s  ( T r u m p ,  G o l d b l a t t  and  S t o w e l l ,  1 9 6 5 c ) .
I t  i s ,  h o w e v e r ,  d i f f i c u l t  t o  make  a n y  c o m p a r i s o n  w i t h  o s m i u m -  
f i x e d  p r e p a r a t i o n s  a s  u s e d  b y  p r e v i o u s  w o r k e r s ,  b e c a u s e
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g l u t a r a ld e h y d e  p r e f i x a t i o n  enhances clumping of n u c l e a r  
s u b s t a n c e s .  Whether the r e g u l a r  o u t l i n e s  of clumped chrom­
a t i n  masses seen in  s e v e r e ly  a l t e r e d  c e l l s  r e p r e s e n t  a 
f i x a t i o n  a r t i f a c t  or  t r u e  c o n f i g u r a t i o n  of t h e s e  i s  unknown. 
The appearance of nuc l e i  in  e n t e r o c y t e s  s u b j e c t  to a u t o ­
l y s i s  for  24 hours  i s  s i m i l a r  to t h a t  i n  l i v e r  d u r i n g  " i n  
v i t r o "  n e c r o s i s ,  but  the d e n s i t y  of chromat in  i s  h i g h e r ,  
and more i n t e r c h r o m a t i n  s ubs t ance  remains .  These d i f f e r ­
ences can be e a s i l y  exp la ined  because  g l u t a r a l d e h y d e  p r e f ­
i x a t i o n  was used.
The e a r l y  a l t e r a t i o n s  of b rush  borde r  a re  s i m i l a r  to 
t hose  observed in  v i t r o  du r ing  a u t o l y s i s  and fo l lowing  the 
a c t i o n  of hypotonic  s o l u t i o n s  ( M i l l i n g t o n  and F inean ,  1965); 
i n  our exper iments ,  however,  the d i s t i n c t i v e n e s s  of  the 
f i l amen tous  core  i s  l o s t .  F r agmenta t ion  i s  f r e q u e n t l y  
observed in damaged e n t e r o c y t e s ,  p a r t i c u l a r l y  a f t e r  the 
a c t i o n  of X-rays  and c y t o s t a t i c  d r u g s ,  as has been reviewed 
in  Chapte r  5. I t  i s  of  i n t e r e s t  to compare a l t e r a t i o n s  of 
an a l o g i c  s t r u c t u r e s  d u r in g  i schaemia  and a u t o l y s i s .  Mic ro ­
v i l l i  of hep a to c y t e s  f ac ing  the  space of D i s s e ,  d i s a p p e a r  
w i t h i n  15 mins,  of i schaemia  and a r e  r e p l a ce d  by oedemat-  
ous cytoplasm whi le  those  p r o j e c t i n g  in to  b i l e  c a n a l i c u l i  
show s l i g h t l y  l a t e r  changes (Bass i  and B e r n e i 1i - Z a z z e r a ,  
1964) .  During a u t o l y s i s ,  c o n c e n t r i c  l a m e l l a r  fo rmat ions  
d e r i v e d  from plasma membrane a re  formed in  p l a c e  of
disappearing microvilli. Similar changes were seen in the 
brush border of the proximal kidney tubule (Trump, Goldblatt, 
and Stowell, 1962; 1965d; Ito, 1962a; 1962b; Latta,
Osvaldo, Jackson and Cook, 1965). Similar alterations were 
not seen in the brush border of enterocytes. It seems 
unlikely that if they were present, lamellar formations 
were completely voided into the lumen or extracted during 
tissue processing.
Dispersion of the terminal web constantly accompanies 
brush border distortion. Widening of the zone beneath the 
distorted brush border may represent oedema. The origin 
of dense material beneath this region was not determined. 
Although with advanced cytoplasmic alteration, collections 
of ribosomes are observed, their relation to this material 
is not constant enough to suggest transformation into the 
latter. Some smaller densities occurring near the distorted 
plasma membrane are probably desmosomal remnants.
Occasional early changes consist of the uniform increase 
in the width of the microvilli with prominent microtubules 
and vesicles beneath the brush border. These may be incid­
ental observations with no relation to ischaemia and appear 
similar to those seen in multivesicular cells of normal 
mouse colon (Silva, 1966). The secretory activity proposed 
by the quoted author is thought to be unlikely.
An important problem is the mechanism by which extrusion
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and desquamat ion of the  e p i t h e l i u m  takes  p l ace  in  r e l a t i o n  
to the  a l t e r e d  c e l l .  The format ion  of an i n i t i a l  d e f e c t  in  
the e p i t h e l i u m  has escaped d e t e c t i o n  because  of sampling 
e r r o r s ,  but  i s  more l i k e l y  to be formed by the p a r t i a l  d i s ­
i n t e g r a t i o n  of  a l t e r e d  c e l l s  than to the  e x t r u s i o n  of c e l l s ,  
the  cy top la smic  c o n t i n u i t y  of  which remains p r e s e r v e d .  P r i o r  
to the d i s r u p t i o n  in  o u t e r  l a y e r  of the cytoplasm,  abnormal 
i n t e r c e l l u l a r  spaces a re  p r e s e n t  in  an i n s i g n i f i c a n t  e x t e n t  
and dur ing  t h i s  s t a g e ,  t h e r e  i s  n e i t h e r  g ross  s u b e p i t h e l i a l  
i n t e r c e l l u l a r  oedema, nor  detachment  of e p i t h e l i a l  c e l l s  
from the basement membrane. These changes seem to a f f e c t  
the o u t e r  o r g a n e l l e - f r e e  abnormal cytoplasm of the  e n t e r o -  
c y t e  f i r s t ,  and r e s u l t  in  the s e p a r a t i o n  of the  c e l l  rem­
n an t .  At t h i s  s t a g e ,  the basement membrane shows no d e f e c t s .
These even t s  appear  to be d i f f e r e n t  to the f i n d i n g s  of
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S a n d r i t t e r  (1965) t h a t  the opening of  Grunhagen*s space by 
exuda t ion  i s  a pr imary f a c t o r  in  the  e p i t h e l i a l  de tachment ,  
in  i n t e s t i n a l  l e s i o n s  d u r in g  haemorrhagic  shock.  When a 
comparison of  the  f i n e  s t r u c t u r a l  changes i s  made w i th  t h a t  
r e p e a l e d  by l i g h t  microscopy i t  i s  seen t h a t  the v a c u o l e ­
l i k e  spaces  cor respond to the  d i s r u p t i o n  i n  oedematous o u t e r  
l a y e r  of  the cytoplasm and t h a t  t h i s  l eads  to desquamat ion.
A s i m i l a r  mechanism of desquamat ion by d i s r u p t i o n  of  the  c e l l  
base  was seen in  the  l i g h t  microscope  s tudy of the e f f e c t s  
of  hypothermia  (B1a c k - S c h a f f e r , G a l l ,  Shimizu and Espa rza ,
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1967),  I t  i s  sugges ted he re  t h a t  the  v a c u o l e - l i k e  a p p e a r ­
ance as seen in  p a r a f f i n  s e c t i o n s  i s  exagge ra ted .
A f t e r  one hour of r e c i r c u l a t i o n  the c o n t i n u i t y  of  the 
e x f o l i a t e d  ep i th e l i u m  s h e e t s  and the  e x t r u s i o n  of i n d i v i d u a l  
c e l l s  wi th the p r e s e r v a t i o n  of the  c o n t i n u i t y  of the e p i t h ­
el ium sugges t s  t h a t  a t  t h i s  s t age :  (1) E p i t h e l i a l  l o s s  i s
s t i l l  in  p ro g r e s s ;  (2) A d i f f e r e n t  mechanism of e x t r u s i o n  i s  
o p e r a t i n g ,  presumably r e l a t e d  to simple detachment  from the 
basement membrane.
The a f f e c t e d  c e l l s  a re  b e l i e v e d  to have e i t h e r  tempor­
a r i l y  recovered  from ischaemia  or expe r i enced  the p r o c e s s  
of  a more p r o t r a c t e d  d e a t h .  These event s  seem to occur  l e s s  
commonly a t  the end of the i schaemic p e r i o d ,  but  because  of 
the combinat ion wi th  c e l l  d i s r u p t i o n ,  a r e  d i f f i c u l t  to 
d i s t i n g u i s h  from a r t i f a c t s .
A s t r i k i n g  f e a t u r e  of  the  changes of the  v i l l u s  core  
i s  t h e i r  rap id  p r o g r e s s .  While e a r l y  changes ,  p a r t i c u l a r l y  
d i l a t a t i o n  of  the  endoplasmic r e t i c u lu m  and m i t o c h o n d r i a l  
s w e l l i n g  may be exp la ined  in  terms of anox ia ,  d i s i n t e g r a t ­
ion of c e l l s  in  the v i l l u s  co re  i s  d i f f i c u l t  to e x p l a in  by 
anox ia  a lone .  In the myocardium, fo r  i n s t a n c e ,  no changes 
of  connec t ive  t i s s u e  were seen a f t e r  up to 5 hours  of 
i schaemia  ( C a u l f i e l d  and Kl ionsky ,  1959).  A major  f a c t o r  
caus ing  c e l l  damage may be the l y t i c  a c t i o n  of i n t e s t i n a l  
c o n t e n t s  d i f f u s i n g  i n to  the denuded t i s s u e .  The noxious
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e f f e c t  of i n t e s t i n a l  co n t e n t s  upon damaged t i s s u e  was dem­
o n s t r a t e d  by Khanna (1959) and B1a c k - S c h a f f e r , G a l l ,
Shimizu and Espa rza  (1967) in  l i g h t  mic roscop ic  s t u d i e s  of 
i schaemia  and changes a s s o c i a t e d  w i th  hypothermia .  Enzym­
a t i c  a c t i v i t i e s  and i o n i c  compos i t ion  a re  r e s p o n s i b l e  for  
t h i s .  Some d i s p l a c e m e n t s  may be due to the movements of 
the i n t e s t i n e  or  may be a r t i f i c i a l ,  but  the  n a t u r e  of the 
changes r u l e s  out t h e i r  be ing  the  so l e  cause  of damage.
E n d o t h e l i a l  oedema has been observed in  ischaemic t i s s ­
ues  ( H i l l s ,  1964).  In the i n t e s t i n e ,  however,  t he  same 
change a l so  a f f e c t s  the p e r i c y t e s  and the a l t e r a t i o n s  of 
c e l l  o r g a n e l l e s ,  a re  i n s i g n i f i c a n t .  The r e l a t i o n  of c y to ­
p lasmic  oedema to enlargement  of  the Golgi complex and 
changes in  the basement membrane, remains to be de te rmined .  
An i n c r e a s e  in  d e n s i t y  of  the basement membrane a s s o c i a t e d  
w i t h  o t h e r  changes was d e s c r i b e d  by Moore (1959) in  t o u r n ­
i q u e t  i schaemia ,  but  the comparison of the  p u b l i s h e d  pho to ­
graphs  wi th  our  r e s u l t s  i s  d i f f i c u l t .  The f u r t h e r  f a t e  of  
the swol len e n d o t h e l i a l  c e l l s  i s  a l s o  not  known. S ince  i t  
i s  u n l i k e l y  t h a t  complete r e g r e s s i o n  of oedema takes  p l a c e  
b e fo r e  e n d o t h e l i a l  d i s i n t e g r a t i o n ,  i t  seems th a t  e n d o t h e l ­
i a l  oedema i s  not  a c o n s t a n t  f e a t u r e  of i schaemia  in  the 
g u t .  The appearance  of c a p i l l a r i e s  w i l l  be d i s c u s s e d  in  
Chap te r  7.
In a r eas  a d j a c e n t  to n e c r o s i s  the change of r e t i c u l u m f  
c e l l s  and macrophages to form pseudopods l eaves  l i t t l e  doubt
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that these changes represent an active response which forms 
a prelude to phagocytosis. It is unlikely that the change 
of cell shape reflects an abnormal movement associated with 
"cell agony" as observed by Bessis (1964). The concentration 
of organelles seen in some cells is thought to be relative, 
due to the extensive formation of pseudopods, although an 
absolute increase of Golgi vesicles cannot be ruled out.
The beginnings of necrosis in this zone are, however, indic­
ated by a swelling and disruption of some cell processes.
The prominence of phagosomes within macrophages in this 
area may also be relative and seems to be due to their 
increased size rather than to their numbers. The structure 
of phagosomes is also not compatible with recent origins. 
Moreover, these cells occur in areas where the disintegrat­
ion is slight or absent. A tentative interpretation of change 
in phagosomes might be that there is a fusion of smaller 
phagosomes to form larger ones. Incorporation of organelles 
during the formation of larger inclusions cannot be pre- 
clud ed.
Changes in plasma cells are indicative of the development 
of coagulation necrosis and will be dealt with later.
The alteration"> of the granules of eosinophilic leuco­
cytes indicates sensitivity of the externum. It is known 
that acid phosphatase activity is present within granules 
and was localised in the externum of human eosinophils by
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e l e c t r o n  m i c r o s c o p y  ( G h i d o n i  a n d  G o l d b e r g ,  1 9 6 6 ) .  I f  t h i s  
i s  a l s o  t h e  c a s e  i n  r a t ,  t h e  a p p e a r a n c e  w o u l d  s u g g e s t  t h a t  
t h e r e  i s  a p r e f e r e n t i a l  d i s i n t e g r a t i o n  o f  t h e  a c i d  p h o s p h a t ­
a s e  c o n t a i n i n g  p o r t i o n s  o f  t h e  g r a n u l e s  and p o s s i b l e  e n z y m e  
r e l e a s e .  Th e  l y s o s o m e s  d o  n o t  p l a y ,  h o w e v e r ,  a p r i m a r y  r o l e  
i n  t h e  a u t o l y s i s  o f  t h e  l i v e r  ( Tr u m p ,  G o l d b l a t t  and S t o w e l l ,  
1 9 6 5 b ) .
T h e  c h a n g e s  o f  e a r l y  d e g r a n u l a t i o n  i n  m a s t  c e l l s  a r e  
s i m i l a r  t o  t h o s e  d e s c r i b e d  e l s e w h e r e  ( B l o o m  a n d  H a e g e r m a r k ,  
1 9 6 5 ) .
Th e  a b s e n c e  o f  p i n o c y t o t i c  v e s i c l e s  i n  s m o o t h  m u s c l e  
c e l l s  i n  t h e  a l t e r e d  z o n e  o f  t h e  l a m i n a  p r o p r i a  i s  n o t  an  
u n e x p e c t e d  f i n d i n g .  A d e c r e a s e  i n  t h e  n u m b e r  o f  p i n o c y t o t i c  
v e s i c l e s  d u r i n g  i s c h a e m i a  h a s  b e e n  d e s c r i b e d  i n  m y o c a r d i a l  
c e l l s  ( C a u l f i e l d  and K l i o n s k y ,  1 9 5 9 ) .
A l t e r a t i o n s  o f  i n t e r c e l l u l a r  c o n n e c t i v e  t i s s u e  c o m p o n ­
e n t s  do  n o t  a p p e a r  t o  e x e r t  a s i g n i f i c a n t  r o l e  i n  t h e  p a t h ­
o g e n e s i s  o f  i s c h a e m i c  c h a n g e s .  T h e  s i g n i f i c a n c e  o f  t h e  
i n c r e a s e d  s t a i n a b i l i t y  o f  c o l l a g e n  s e e n  a t  an  e a r l y  s t a g e ,  
and t h e  i n c r e a s e d  w i d t h  o f  t h e  z o n e  o f  c o l l a g e n  f i b r i l s  
b e n e a t h  t h e  d e n u d e d  b a s e m e n t  m e m b r a n e ,  c a n  o n l y  b e  s p e c u l a t e d  
u p o n .  T h e  l a t t e r  c a n n o t  b e  s a t i s f a c t o r i l y  e x p l a i n e d  b y  t h e  
m e r e  p r e s e n c e  o f  o e d e m a .  T h i s  i s  n o t  c o m p a t i b l e  w i t h  t h e  
w r i n k l i n g  an d  u n d u l a t e d  c o u r s e  o f  t h e  b a s e m e n t  m e m b r a n e .  I t  
i s  s u g g e s t e d  t h a t  t h e  c a u s e  i s  m o s t  l i k e l y  t o  b e  a n  e x t r u s i o n
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of  n e c r o t i c  d e b r i s  from b e n e a t h  an o c c a s i o n a l  r u p t u r e  of  
t he  basement  membrane w i t h  subsequen t  p a r t i a l  c o l l a p s e .
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CHAPTER 7
F IN E  STRUCTURE OF SMALL GUT DURING ISCHAEMIA AND 
REPAIR OF ISCHAEMIC INJURY I I :
THE REPARATIVE PHASE
T h i s  p h a s e  i s  a r b i t r a r i l y  d e f i n e d  a s  t h e  s t a g e  b e t w e e n  
t h e  e a r l i e s t  r e c o g n i s a b l e  f o r m  o f  e p i t h e l i a l  r e g e n e r a t i o n  
t o  c o m p l e t i o n  o f  t h e  r e e p i t h e l i s a t i o n »  The  m a i n  p r o c e s s e s  
i n v o l v e d  a r e  o f  b o t h  a r e t r o g r e s s i v e  and  p r o g r e s s i v e  n a t u r e  
and r e f l e c t  r e s i d u e s  o f  i s c h a e m i c  i n j u r y ,  r e g e n e r a t i o n  and  
r e a c t i v e  i n f l a m m a t i o n .  T h i s  s t a g e  s p r e a d s  o v e r  a p e r i o d  o f  
2 - 8  h o u r s .  M o s t  o f  t h e  f i n e  s t r u c t u r a l  f e a t u r e s  r e m a i n  
s i m i l a r  t h r o u g h o u t  t h i s  t i m e  and d i f f e r  o n l y  i n  d i s t r i b u t i o n  
an d  q u a n t i t y .  Th e  r e g e n e r a t i n g  e p i t h e l i m  i s  d e f i n e d  f o r  
d e s c r i p t i v e  c o n v e n i e n c e  a s  c e l l s  s i t u a t e d  a b o v e  t h e  c r y p t s  
w h i c h  show  a b n o r m a l  f e a t u r e s .
CRYPT EPITHELIUM:
T he c h a n g e s  i n  c r y p t  e p i t h e l i u m  c o n s i s t  o f  a s l i g h t  
m i t o c h o n d r i a l  s w e l l i n g  a n d  d i l a t a t i o n  o f  G o l g i  c i s t e r n a e .
M any c e l l s  c o n t a i n  m u l t i p l e  l a r g e  n u c l e o l i .  A b n o r m a l  i n c l u s ­
i o n s  a r e  u s u a l l y  p r e s e n t  w i t h i n  o r  b e t w e e n  t h e  c e l l s .  T h e  
a p p e a r a n c e  o f  t h o s e  s e e n  i n  t h e  i n t e r c e l l u l a r  p o s i t i o n  
l e a v e s  no  d o u b t  t h a t  t h e y  a r e  c e l l s  u n d e r g o i n g  n e c r o s i s .
S o m e t i m e s  a w h o l e  c e l l  i s  s e e n  t o  b e  a f f e c t e d  b y  c o a g ­
u l a t i o n  n e c r o s i s  ( F i g .  9 4 ) .  T h e  c y t o p l a s m i c  m a t r i x  s h o w s  a 
u n i f o r m  i n c r e a s e  i n  e l e c t r o n  d e n s i t y .  R i b o s o m e s  and t h e
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c i s t e r n a e  of endoplasmic r e t i c u l u m  a re  p r e s e r v e d ,  but  the 
m i to c h o n d r i a  appear  swol len and the i nne r  membranes are  
p a r t i a l l y  d i s i n t e g r a t e d .  Some empty v a c u o l e - l i k e  spaces in  
the cytoplasm a r e  seen in  the v i c i n i t y  of i n d i s t i n c t  smooth 
membranes which may r e p r e s e n t  Golgi  c i s t e r n a e .  The nuc leus  
i s  t rans formed  i n t o  a dense  homogeneous mass •
In the  e x t r a - c e l l u l a r  space,  small  i n c l u s i o n s  of s i m i l a r  
appearance  a re  o c c a s i o n a l l y  seen nea r  to l a r g e  ones (F ig .  94) .  
I t  i s ,  however,  imposs ib l e  to d e c i d e  whether  t h e s e  o r i g i n a t e  
from the same c e l l  a f t e r  breakdown in to  sma l l e r  f r agments .
In some i n s t a n c e s ,  i n c l u s i o n s  in  the  e x t r a c e l l u l a r  p o s i t i o n  
a r e  p a r t i a l l y  d i s i n t e g r a t e d  (F ig .  95b) .  Some of t h e s e  f r a g ­
ments c o n t a i n  dense masses and membrane-bounded g r a n u l e s  
about  lOOm u in  d i a m e t e r .
These n e c r o t i c  e lements  were seen in  an apparent  e x t r a ­
c e l l u l a r  p o s i t i o n  only  between the b a s a l  p o r t i o n s  of the 
c ryp t  e p i t h e l i u m .  Some l i e  d i r e c t l y  upon the basement mem­
brane  (F ig .  95b) ,  o r  a r e  s e p a r a t e d  from i t  by t h i n  p r o c e s s e s  
of  ne ighbour ing  c e l l s  (F ig .  94 ) ;  Others  have,  however,  a 
d i f f e r e n t  appearance .  They a re  d i s t i n g u i s h e d  by the very  
low d e n s i t y  of the cy top lasmic  m a t r i x .  The scanty endoplasmic 
r e t i c u l u m  i s  t ransformed i n t o  v e s i c u l a r  p r o f i l e s  and m i t o ­
chondr i a  show d i l a t a t i o n  of i n t r a c r i s t a l  spaces .  Free  r i b o ­
somes form i r r e g u l a r  c l u s t e r s .  Chromat in i s  clumped in to  
meshwork which c o n s i s t s  of f i n e  p a r t i c l e s .  Sometimes the 
cytoplasm of the a f f e c t e d  c e l l  co n t a i n s  a few r ibosomes .
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P a r t i c l e s  of i d e n t i c a l  appearance  a r e  con ta ined  in membrane- 
l i m i t e d  aggrega te s  (F ig .  95a) .  These c e l l s  show more 
advanced n u c l e a r  changes .  The m i to c h o n d r i a  in  t h e s e  c e l l s  
may not  be s ev e re ly  a l t e r e d .
The c e l l s  of the  crypt  e p i t h e l i u m  c o n t a i n  abnormal i n c l u s ­
ions  of  a v a r i a b l e  appearance .  The l a r g e s t  i n c l u s i o n s  have 
an almost  i d e n t i c a l  appearance as to f r e e ,  c o a g u la t ed  c e l l s .  
O rg a n e l l e  remnants a r e ,  however, l e s s  d i s t i n c t  ( F ig .  96a) .
A s i n g l e  o r  double  l i m i t i n g  membrane is  seen around the 
p e r i m e t e r .  Al though the r e l a t i o n  of the i n c l u s i o n s  to the 
c e l l  cannot  be de termined wi th  c e r t a i n t y ,  i t  seems l i k e l y  
t h a t  they occupy a t r ue  i n t r a c e l l u l a r  p o s i t i o n .  The sma l l e r  
i n c l u s i o n s  which occur  in  the c ryp t  e p i t h e l i u m ,  a r e  c y t o l y -  
somes (F ig .  96b) .  Some c o n t a i n  a l t e r e d  m i t o c h o n d r i a ,  endo­
plasmic  r e t i c u lu m  and r ibosomes in  an agg rega t e  of h igh 
e l e c t r o n  d e n s i t y .  While most mi to ch o n d r i a  a r e  swol len ,  some 
appear  to have i n c r e a s e d  d e n s i t y  and a re  h a r d l y  r e c o g n i s a b l e .  
Swol len m i tochondr i a  seem, in  some i n s t a n c e s ,  to fu se .  
Narrowing of i n t r a c r i s t a l  spaces  i n  d e g e n e r a t i n g  c r i s t a e  is  
r a r e l y  observed .
The o u t e r  mi tochondr i a l  membrane i s  d i f f i c u l t  to  d i f f e r ­
e n t i a t e  because  of  the  p re sence  of e l e c t r o n - d e n s e  m a t e r i a l  
sur rounding  the m i t o c h o n d r i a  (F ig .  96b) .  Many cytolysomes 
c o n t a i n  only  r ibosomes in  v a r i a b l e  amounts,  i r r e g u l a r  mem­
branes  and a small amount of dense  s ubs t ance .  Some of t hese
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cytolysomes fuse (F ig .  97b) and i n c o r p o r a t e  f u r t h e r  s t r u c t ­
u r e s ,  l i k e  d egene ra t i ng  m i to c h o n d r i a .  In o t h e r  cyto lysomes ,  
the clumped p a r t i c l e s  become i l l - d e f i n e d  and fuse  in to  masses 
which may be homogeneous in  appearance  (F ig .  97a) .  Most 
cytolysomes  are  s i t u a t e d  c lo s e  to the Golgi complex (F igs .
96b; 97a) .  The p resence  of Golgi  v e s i c l e s  in  the immediate
v i c i n i t y  of the  l i m i t i n g  membrane sugges t s  a p o s s i b i l i t y  of 
t h e i r  be ing  d i s c h a rg e d  into the cytolysome.
Abnormal s t r u c t u r e s  occur  in  the v i c i n i t y  of some m i t o ­
chondr i a .  These are  l a r g e r  and c o n s i s t  of  i r r e g u l a r  membranes 
and small  v e s i c l e s .  These,  t o g e t h e r  wi th  small  amounts of
amorphous subs tance  a re  enc losed  w i t h i n  a space ,  l i m i t e d  by
o
a t r i p i e - 1 aye r ed symmetr ical  membrane about 80A in  t h i c k n e s s  
(F ig .  98a) .  The appearance  of t h e s e  s t r u c t u r e s  i n d i c a t e s  
t h a t  they a r e  a l t e r e d  m i to c h o n d r i a .  However, the t r a n s i t ­
ional  s t a g e s  of t h i s  p r o c e s s  were not  c l e a r l y  i d e n t i f i e d .  
Fur the rmore ,  the membranes, p a r t i c u l a r l y  l i m i t i n g  ones ,  
d i f f e r  from those of m i t o c h o n d r i a .  The former a r e  t h i c k e r  
and show a t r i p 1e - 1 aye r ed p a t t e r n ,  a t  lower m a g n i f i c a t i o n ,  
wh i l e  the l a t t e r  do n o t .  These bod ies  may occur  in  the 
immediate v i c i n i t y  of some cytolysomes and the r e l a t i o n  
sugges t s  t h a t  they are  be ing  i n c o r p o r a t e d  in to  them.
Many c ry p t s  c o n t a in  n e c r o t i c  c e l l s  in  the lumen. These 
e i t h e r  show c o a g u l a t i v e  n e c r o s i s  or  undergo d i s i n t e g r a t i o n  
a f t e r  a d e c r e a s e  of e l e c t r o n  d e n s i t y  and s w e l l i n g  of
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o r g a n e l l e s .  Membranous d e b r i s  may be seen in c lo se  c o n t a c t  
w i th  the  plasma membrane of  the su rv iv ing  e p i t h e l i a l  c e l l ,  
the membranes forming in p l a c e s ,  a t i g h t  j u n c t i o n  ( F i g s ,  99a; 
99b) .  The m i c r o v i l l i  of the e p i t h e l i a l  c e l l s  unde rnea th  are 
d i s t o r t e d  and the bundles  of desmosomal f i l a m e n t s  a re  d i s -  
o r g a n i s e d ,
The h e igh t  of  the  e p i t h e l i u m  in  the c r y p t s  which c o n t a i n  
d e b r i s ,  i s  uneven in  d i f f e r e n t  s e c t i o n s  of the p e r i m e te r  
( F ig .  lOO). In many c a s e s ,  t h i s  i s  d i f f i c u l t  to e x p l a in  
by the  amount of  d e b r i s  p r e s e n t  and by the s e c t i o n  geometry.  
D i s t u r b e d  c e l l u l a r  r e l a t i o n s h i p s  a re  i n d i c a t e d  by the p r e s ­
ence of c e l l s  o v e r l app ing  a t  the luminal s u r f a c e  (F ig .  lOO). 
The m i c r o v i l l i  of  c e l l s  l i n i n g  such d i l a t e d  c ry p t s  a re  r e d ­
uced in  number. Some c e l l s  show d e c rea sed  d e n s i t y  of c y t o ­
plasmic  m a t r i x  and d i l a t a t i o n  of the  s p a r s e ,  endoplasmic 
r  e t i cu 1 urn.
The most s evere  changes seen in  the c r y p t s  i s  the com­
p l e t e  n e c r o s i s  of segments of the e p i t h e l i a l  l i n i n g .  These 
a r e  prominent  a t  2 and 4 hours  of r e c i r c u l a t i o n .  Most of 
the  c e l l s  a f f e c t e d  undergo c o a g u l a t i o n  n e c r o s i s  and are 
ex t ruded  in to  the  lumen ( F ig .  lO l ) .  C e l l s  seen a t  the edge 
show d i l a t a t i o n  of the endoplasmic r e t i c u lu m .  They may be 
f l a t t e n e d .  The basement membrane remains co n t in u o u s .  Numer­
ous b a c t e r i a  f r e q u e n t l y  occur  among the d e b r i s  (F ig .  102a ) . 
These a re  phagocytosed by macrophages.  Polymorphs r a r e l y
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o ccu r .  Some macrophages o u t s i d e  the c rypt  send p r o c e s s e s  
which p e n e t r a t e  the basement membrane and extend a long the 
i nne r  a spec t  to surround numerous b a c t e r i a  (F ig .  102b) .
These have an appearance  of gram n e g a t i v e  b a c t e r i a  wi th  
f l a g e l l a .
Pane th  c e l l s  show d i l a t i o n  of  the endoplasmic r e t i c u lu m  
which i s  f ragmented in to  v e s i c u l a r  p r o f i l e s .  Mi tochondr i a  
a re  swol len .  The su r f a c e  of s e c r e t o r y  g r a n u le s  i s  dep ressed  
in  some p l a c e s  and the space enc losed  by the g r a n u le  membrane 
widened (F ig .  103).
A r g e n t a f f i n  c e l l s  show severe  m i t o c h o n d r i a l  s w e l l i n g ,  
whi le  o t h e r  c e l l  components have a normal appearance .  
REGENERATING EPITHELIUM:
Zones of r e g e n e r a t i n g  c e l l s  appeared a f t e r  2 hours  of  
r e c i r c u l a t i o n  above the c ryp t  e p i t h e l i u m .  The t r a n s i t i o n a l  
zone to the  c ryp t  e p i t h e l i u m  was narrow and d i f f i c u l t  to 
d e f i n e .  Crypt  c e l l s  nea r  the zone of t r a n s i t i o n  o f t e n  show 
a b n o r m a l i t i e s  as i l l u s t r a t e d  in  F i g .  104. I t  may be seen 
t h a t  t he  c e l l  apex p r o t r u d e d  in to  the lumen and m i c r o v i l l i  
a re  i r r e g u l a r l y  d i s t r i b u t e d .
The c e l l s  of r e g e n e r a t i n g  e p i t h e l i u m  a re  i r r e g u l a r l y  
a r r a n g ed .  The appearance of e p i t h e l i a l  shee t  i s  shown in  
F i g .  105 in one or two and o c c a s i o n a l l y  more,  l a y e r s .  The 
r e l a t i o n s h i p s  of c e l l s  in  m u l t i l a y e r e d  foc i  a t  2 h o u r s ,  
i n d i c a t e  t h a t  t h e i r  o r g a n i s a t i o n  i s  s t r a t i f i e d  w i t h o u t  any
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r e g u l a r  p o l a r  arrangement  (F ig .  106a ) . At l a t e r  s t a g e s ,  
however,  both  s t r a t i f i e d  and p s e u d o s t r a t i f i e d  arrangement  
seem to occur  (F ig .  107).  S ince  the c e l l  components t h rough­
out  the p e r i o d  of 2-8 hours  show s i m i l a r  f e a t u r e s ,  a genera l  
d e s c r i p t i o n  w i l l  be given.
The c e l l  shape at  an e a r l y  s t age  i s  an i r r e g u l a r l y  rounded 
one,  oblong and s l i g h t l y  e longa t ed  (F ig .  10 6 a ) . The g r e a t e s t  
degree  of e l o n g a t i o n  i s  seen along the advancing e p i t h e l i a l  
edge (F i g s .  108; 109).  E longa ted  c e l l s  occur  i r r e g u l a r l y
nea r  the basement membrane and spread along i t  (F ig .  115).
At l a t e r  s t a g e s ,  the c e l l  shape becomes more r e g u l a r  and the 
p r o f i l e s  of c e l l s  a re  r e c t a n g u l a r  or pyramidal  (F ig .  107) 
w i th  a f l a t  ( F i g s .  116a; 116b) or  bu lg ing  (F ig .  119) a p i c a l
p o r t i o n .  The p e r p e n d i c u l a r  o r i e n t a t i o n  of t hese  c e l l s  
towards the  basement membrane i n d i c a t e s  a r e s t o r a t i o n  of c e l l  
p o l a r i t y .  This  i s  not  seen in  advancing e p i t h e l i a l  c e l l s  
( F i g s .  108; 110).  Changes in  c e l l s  a s s o c i a t e d  w i th  comple t ­
ion of  the  r e - e p i t h e l i s a t i o n  are  shown in  F i g s .  111a; 112;
113a. The r e g e n e r a t i n g  e p i t h e l i u m  l i n i n g  the l a t e r a l  s u r f a c e  
of  the v i l l u s  appears  to be m u l t i l a y e r e d  and only the c e l l  
p r o f i l e s  c l o s e  to the  s u r f a c e  a re  more r e g u l a r  (F ig .  111a) .  
The apex (F ig .  112) shows p o l a r i t y  of the c e l l s  d e s p i t e  the 
lack  of  r e g u l a r  o r i e n t a t i o n ,  towards the  basement membrane. 
The ar rangement  shown in  t h i s  f i g u r e  i s  thought  to r e s u l t  
a f t e r  the j o i n i n g  of advancing edges of the e p i t h e l i u m  and
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i s  an i n f r e q u e n t  f i n d i n g .  The appearance of r e g e n e r a t i n g  
e p i th e l i u m  a t  the t i p  of  a v i l l u s  i s  shown in  F i g .  113a.
The appa ren t  p o l a r i t y ,  c y l i n d r i c a l  shape and s i z e  of the 
c e l l s ,  suggest  t h a t  these  r e p r e s e n t  a somewhat l a t e r  s t age  
than p r e v i o u s l y  i l l u s t r a t e d .  The c e l l s  l i n i n g  the l a t e r a l  
s u r f a c e  of  the same v i l l u s  show l e s s  o r d e r l y  arrangement  
than  those  on the apex (Fig .  114).  The c e l l  b o d ie s  a re  
o r i e n t a t e d  o b l i q u e ly  in  bo th  d i r e c t i o n s  or  e longa ted  i n  a 
d i r e c t i o n  p a r a l l e l  to the basement membrane. The luminal  
s u r f a c e  i s  a r ranged in  a more r e g u l a r  f a s h i o n .
D e s p i t e  o v e r l app ing  of  measurements which r e f l e c t  the  
g r o s s l y  i r r e g u l a r  shape of c e l l s ,  i t  seems t h a t  the c e l l  
s i z e  i n c r e a s e s  g r a d u a l l y .  This  increase» i s  most obvious 
when e a r l y  and l a t e  s t ages  a re  compared. The c e l l  d i ame te r  
of  the former may be only 5-6 u ,  and the l a t t e r  11-16 u x 5-6 u.
I n t e r c e l l u l a r  spaces  between r e g e n e r a t i n g  e p i t h e l i a l
c e l l s  va ry  in  appearance wi th  the time of r e g e n e r a t i o n .  At
e a r l y  s t a g e s  the i n t e r c e l l u l a r  gap a long most of the p e r -
o
ime te r  measures  about 100-250A (F i g s .  106a; 115).  La rge r
i n t e r c e l l u l a r  spaces a re  not  very f r equen t  and occur  between 
c e l l s  s i t u a t e d  in  the b a s a l  l a y e r  (F ig .  115).  They may con­
t a i n  some d e b r i s .  At a l a t e r  s t age  t h e re  i s  a s t r i k i n g  
i n c r e a s e  in  the prominence of t he se  spaces ( F i g s .  112; 113a) .
The plasma membranes l i m i t i n g  i n t e r c e l l u l a r  spaces converge 
a t  the s i t e s  of desmosomes. Some spaces c o n t a i n  fa t
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droplets (Fig. 126).
Relation of the epithelium to the sub-ep i the 1 i al tissue: 
in most instances, regenerating cells lie upon a basement 
membrane left after the desquamation of necrotic epithelium. 
The presence of denuded basement membrane in front of the 
advancing epithelium, confirms this view (Fig. 109). Def­
ects of the basement membrane are limited in extent. In 
these places, the cells lie directly upon necrotic debris 
(Fig. 115). This may also occur at the advancing edge of 
the epithelium (Fig. 108). Other cells send thin branching 
processes through defects in the basement membrane to the 
necrotic tissue (Fig. 98b). The closeness of the relation­
ship between cells and basement membrane is variable.
Spaces of limited size occur between cell and basement 
membrane in places of separation (Fig. 106c). Some cells 
send small processes by which they become anchored to folds 
in the basement membrane (Fig. 106b). Large spaces between 
the basement membrane and epithelium are frequently present 
at the later stages (Figs. 111a; 112).
Plasma membrane and cell surface specialisation: two
hours after recirculation the plasma membranes of regenerat­
ing cells were even or slightly undulating and formed only 
a few short, irregular microvilli which lack filaments in 
their cores (Figs. 106a; 115). Junctional complexes were
rarely seen between cells situated at the base of regener­
ating zone. Their arrangement and occurrence shows
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irregularities (Fig. 122c). Near the advancing edge, and in 
the intermediate zone of regenerating epithelium, some 
junctions of a primitive type are present. These consist 
of dense material subjacent to the plasma membrane and to a 
smaller extent present in the gap between them. The parallel 
arrangement and close apposition of plasma membranes appears 
to precede their formation (Fig. 106d). These junctions 
apparently differentiate into desmosomes although these 
are rarely seen at this stage. At 4 hours, and at later 
stages, junctional complexes are often seen (Figs. 116a;
118). Their presence is associated with a more regular 
cell shape and orientation. The arrangement is sometimes 
irregular. Under these circumstances, zonulae occludentes 
occur along the lateral plasma membrane in many places or 
do not reach the lumen, nor are they accompanied by further 
components of the junctional complex (Fig. 122b).
The number of microvilli increases with the progress of 
regeneration (c.f. Figs. 106a; 116a; 111a; 113a; 121a).
While at 2 hours, none, or only few, are present in the 
plane of section at four hours, many cells have more than 
10 microvilli and at 8 hours, 20-30. The increase in 
height is much less conspicuous. At two hours, the highest 
microvilli are approximately 0.3-0.4 u long; at 8 hours, 
they are 0.5-0.6 u long. At the later stages, a greater 
proportion of microvilli are orientated perpendicular to
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the cell surface. Formation of microvilli and the assoc­
iated modification of surface cytoplasm is best seen in the 
early stages of regeneration.
In places which lack microvilli, the ectoplasm forms 
a very thin layer (Fig. 116b). Microvilli appear to be 
formed in ill-defined groups. The first sign of microvillus 
formation is a slight elevation of the plasma membrane with 
some condensation of the fuzzy layer (Fig. 122a). Filaments 
in the core of the microvillus are rather indistinct and are 
not seen until the microvillus reached a cylindrical form 
of about 0.25 u in height. The concentration of filaments 
towards the axis of the microvillus is first apparent at 4 
hours (Fig. 118). The rootlets of filaments, however, are 
very short.
At early stages the desmosomal tonofi1 aments show poor 
development and orientation and their bundles are ill-defined. 
These become more prominent and orientated parallel to the 
plasma membrane at the 4 hour stage mostly in the intermed­
iate and basal zone of regenerating epithelium (Figs. 116a; 
117; 118). Some cells also overlap one another at the
luminal surface (Fig. 120) and the overlapping projections 
show filamentous material in the cytoplasm. The cells near 
the advancing edge of the epithelium even at later stages, 
are irregularly shaped and lack prominent bundles of desmos­
omal filaments (Fig. 119).
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Thin, less dense filaments may be seen in the surface 
layer of the cytoplasm, external to the desmosomal fila­
ments. Unlike the normal terminal web, these do not form 
a defined layer and remain sparse and poorly orientated.
Microtubules beneath the filamentous layer run parallel 
with it (Fig. 116a).
Cells with polar orientation form frequently processes 
of variable length near the base which are usually parallel 
to the basement membrane and partially limit the intercellular 
space sealing it against basement membrane (Fig. 121b). The 
interdigitating processes show a regularity of the gap 
between apposed plasma membranes (Fig. 121b).
The lateral plasma membrane of cells which show polar 
orientation is straight or slightly irregular (Fig. 121a).
The number of desmosomes is small. Their filaments run 
parallel to the lateral cell surface; microtubles in the 
superficial layer of the cytoplasm show a similar orientat- 
ion (Fig. 118).
The cytoplasmic matrix in regenerating epithelium varies 
in electron density (Figs. 118; 127). These differences
are not observed at the earliest stages of regeneration nor 
are they obvious after re-epithelisation is complete. The 
increase in density is due to ground cytoplasm and ribosomes. 
Ribosomes are generally numerous (c.f. Figs. 108; 115;
116a; 117; 118; 120; 121a). They form rosettes which
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c o n s i s t  o f  3 - 8  p a r t i c l e s .  R a r e l y ,  s m a l l  g r o u p s  o f  r i b o s o m e s  
r e s e m b l e  h e l i c o s o m e s .  R i b s o m a l  r o s e t t e s  a r e  d i s t r i b u t e d  
e v e n l y  and w i t h  t h e  e x c e p t i o n  o f  t h e  z o n e  o f  f i l a m e n t s  
o c c u r  e v e n  i n  t h e  m o s t  s u p e r f i c i a l  l a y e r s  o f  t h e  c y t o p l a s m  
( F i g .  1 1 6 b ) .  F a t  d r o p l e t s  w i t h o u t  l i m i t i n g  m e m b r a n e s  o c c u r  
f r e q u e n t l y  a n d  a r e  v a r i a b l e  i n  s i z e  ( F i g s .  l l O ;  1 1 5 ;  1 1 9 ) .
T h e y  may b e  s e e n  i n  c o n t a c t  w i t h  m i t o c h o n d r i a .
R o u g h  e n d o p l a s m i c  r e t i c u l u m  i s  s p a r s e .  S m a l l  n u m b e r s  
o f  n a r r o w  c i s t e r n a e  o f  i r r e g u l a r  c o u r s e  a r e  p r e s e n t  s ome  o f  
w h i c h  show a c l o s e  r e l a t i o n s h i p  t o  t h e  m i t o c h o n d r i a  ( F i g .  
1 1 5 ) .  Some  c i s t e r n a e  h a v e  a c i r c u l a r  p r o f i l e .  T h e  c y t o ­
p l a s m i c  m a t r i x  e n c l o s e d  d o e s  n o t  a p p e a r  t o  b e  a l t e r e d  ( F i g .  
l l O ) .  A t  l a t e r  s t a g e s ,  o c c a s i o n a l  c i s t e r n a e  s how s l i g h t  
d i l a t a t i o n  ( F i g .  1 1 7 ) .  S o me  n a r r o w  c i s t e r n a l  p r o f i l e s  r e a c h  
a b n o r m a l  l e n g t h  and t h e i r  c l o s e  r e l a t i o n  t o  t h e  m i t o c h o n d r i a  
i s  e x a g g e r a t e d  ( F i g s .  1 1 6 a ;  1 2 1 a ) .
M i t o c h o n d r i a  a r e  n o t  n u m e r o u s  and t h e  a r r a n g e m e n t  i s  
n o t  r e g u l a r .  T h e y  h a v e  a r o u n d  o r  o v o i d  s h a p e .  C r i s t a e  
a r e  i r r e g u l a r  and  i n t r a m i t o c h o n d r i a l  d e n s e  g r a n u l e s  a r e  r a r e  
a n d  t h e  m a t r i x  i s  a b o u t  t h e  s ame  d e n s i t y  a s  i s  t h e  c y t o p l a s m  
o r  s h o w s  m o t t l i n g  ( e . g .  F i g s .  1 0 9 ;  1 1 5 ) .  At  t h e  e a r l i e s t
s t a g e s ,  o n l y  a s m a l l  p r o p o r t i o n  o f  t h e  m i t o c h o n d r i a  a r e  
s w o l l e n .  L a t e r ,  t h e  s w e l l i n g  i s  m o r e  s e v e r e ,  t h o u g h  v a r i a b l e  
i n  d i s t r i b u t i o n  ( c . f .  F i g s .  1 1 6 a ;  1 1 7 ;  1 1 9 ;  1 2 0 ) .  O c c a s ­
i o n a l l y ,  s w o l l e n  m i t o c h o n d r i a  o c c u r  i n  g r o u p s  ( F i g .  1 1 8 ) .
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In  s e v e r e l y  swol len m i to c h o n d r i a  m a t r ix  d i s a p p e a r s ,  the 
c r i s t a e  a re  sho r t ened ,  de tached  and p a r t i a l l y  d e f e c t i v e .
At the 8-hour s t age  when complete  r e - e p i t h e l i s a t i o n  has 
t aken  p l a c e ,  an i n c r e a s e  in  d e n s i t y  of m i t o c h o n d r i a l  m a t r i x  
i s  c o n s i s t e n t l y  seen (F ig .  121a) .
Golgi  complex. This  i s  we l l  deve loped .  At e a r l y  
s t a g e s ,  i t s  p o s i t i o n  i s  i r r e g u l a r .  In c e l l s  wi th  p o l a r  
o r i e n t a t i o n ,  i t  i s  s u p r a - n u c1 e a r . The s t a c k s  of c i s t e r n a e  
a r e  o f t e n  m u l t i p l e  and appear  i n  v a r i o u s  p l a c e s  wi thou t  
r e g u l a r  o r i e n t a t i o n .  Some may be seen nea r  to the l a t e r a l  
c e l l  b o rde r  (F ig .  117).  D i l a t a t i o n  of some c i s t e r n a e  i s  
c o n s i s t e n t l y  found ( F i g s .  120; 125).  The number of v e s i c l e s ,
most of  which a re  co a t ed ,  i s  v a r i a b l e .  Some coa ted  v e s ­
i c l e s  were seen in  p o s i t i o n s  remote from the Golgi  a r e a  in  
t h e  s u p e r f i c i a l  l a y e r  of the cytoplasm.  Fa t  d r o p l e t s  a re  
o c c a s i o n a l l y  seen w i t h i n  the  c i s t e r n a e .  At l a t e r  s t a g e s  of 
r e e p i t h e 1i s a t i o n , many c e l l s  show a heavy accumula t ion  of 
f a t  d r o p l e t s  w i t h i n  Golgi c i s t e r n a e  (F ig .  121a) .  With 
i n c r e a s i n g  s i z e  and coa l e s ce n c e  of d r o p l e t s ,  c i s t e r n a e  are  
t r ans fo rmed  in to  vac u o le s  which extend towards the i n t e r ­
c e l l u l a r  space (F ig .  126).  Near  by c i s t e r n a e  of the endo­
p l a sm ic  r e t i c u l u m  a r e  f r e e  of l i p i d .
I n c l u s i o n  b o d i e s .  I n c l u s i o n  bod ies  of  d i f f e r e n t  types  
a r e  ve ry  numerous.  They a r e  s i m i l a r  to those  seen i n  c ryp t  
e p i t h e l i u m  and only a d d i t i o n a l  f e a t u r e s  a re  d e s c r i b e d  h e re .
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They can be c l a s s i f i e d  as phagosomes or cy to lysomes .  The 
o r i g i n  of polymorphous r e s i d u a l  bod ie s  or cytosomes,  which 
a re  formed dur ing  d e g r a d a t i o n ,  cannot  be de termined wi th  
c e r t a i n t y .  The l a r g e s t  i n c l u s i o n s  r e s u l t  a p p a r e n t l y  from 
p h a g o c y to s i s  of o t h e r  n e c r o t i c  c e l l s  (F ig .  123a) .  These 
i n c l u s i o n s  may reach  up to 5-6 u in  d i am e te r  and are  u s u a l l y  
rounded.  A l i m i t i n g  membrane i s  c o n s t a n t l y  p r e s e n t .  The 
remnants of  n e c r o t i c  c e l l s  show d i f f e r e n t  degrees  of s w e l l ­
ing ,  clumping and d i s i n t e g r a t i o n  of  o r g a n e l l e s .  Most of 
them c o n ta in  pyknot ic  n u c l e i  o r  sma l l e r  rounded masses ,  
p robably  r e s u l t i n g  from k a r y o r r h e x i s . Thi s  m a t e r i a l  i s  
always homogeneous. In some i n s t a n c e s ,  many rounded 
membrane-1imi ted  dense g ranu les  of 200-300m u in  d i a m e te r  
of unknown o r i g i n  a re  s c a t t e r e d  between o t h e r  remnants .
The abnormal phagocy t i c  a c t i v i t y  of r e g e n e r a t i n g  e p i th e l i u m  
i s  demons t ra ted  by the p re sence  of i n c l u s i o n  seen i n  F i g .  
123b. This  can be i d e n t i f i e d  as p a r a s i t i c  p ro tozoon wi th  
c i l i a .
The most common component of cytolysomes a r e  r ibosomes 
and m i to c h o n d r i a .  The appearance of some cytolysomes i n d i c ­
a t e s  t h a t  they i n c r e a s e  in  s i z e  by the  r ep e a t e d  i n c o r p o r a t i o n  
of components.  Most cytolysomes show advanced s t a g e s  of 
d e g r a d a t i o n  and condensa t i on  of the c o n te n t s  to form r e s i d ­
ua l  bod ie s  or  cytosomes (F i g s .  115; 117; 118; 125) .  These
c o n s i s t  of  dense non-homogeneous m a t e r i a l ,  membranes,
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vac u o le s  and v e s i c l e s  in  v a r i o u s  p r o p o r t i o n s .  Cytosomes 
a r e  o c c a s i o n a l l y  formed by dense  a g g r e g a t e s  of  v e s i c l e s  
(F ig .  116a) and they resemble ,  in  appearance ,  b o d ie s  d e s ­
c r i b e d  in  the normal c ryp t  e p i t h e l i u m  (See Chapter  4 ) .
Large  i n c l u s i o n s  f r e q u e n t l y  have a v a c u o l a r  appearance .
o
Some of  them c on t a i n  va ry ing  numbers of  v e s i c l e s ,  300-500A 
i n  d i a m e t e r  (F ig .  125) and appear  s i m i l a r ,  a p a r t  from t h e i r  
l a r g e r  s i z e ,  to the  abnormal i n c l u s i o n s  d e s c r i b e d  i n  c ryp t  
e p i t h e l i u m  ( see  t h i s  C h a p t e r ) .  S m a l l e r  i n c l u s i o n s  w i th  
d e n s e l y  accumulated v e s i c l e s  appear  to be t r a n s i t i o n a l  
s t a g e s  in  the format ion  of cytosomes (F ig .  118).  The r e l a t ­
i o n s h i p  of i n c l u s i o n s  to the Golgi complex i s  s i m i l a r  to 
t h a t  seen in  the c ryp t  e p i t h e l i u m .
The n uc l e i  of the r e g e n e r a t i n g  e p i t h e l i u m  a re  r e l a t i v e l y  
l a r g e  and i r r e g u l a r  i n  o u t l i n e  ( c . f .  F i g s .  106a; l lO;  112; 
113a) .  The i n d e n t a t i o n s  of  the n u c l e a r  membrane a re  wide 
and not  u s u a l l y  deep.  Chromatin i s  condensed a t  t he  p e r i ­
phery of  the nuc leus  in  medium amounts.  F r e q u e n t l y  l a r g e  
or  m u l t i p l e  n u c l e o l i  a re  seen.  U s u a l l y ,  however,  t he  nuc­
l e o l u s  i s  obscured by a w e l 1-deve loped  n u c l e o l u s - a s s o c i a t e d  
ch romat in .  I nt  e r - chromat in  g ran u le s  a re  prominent  and may 
form in  some n u c l e i  small  a g g r e g a t e s  (F ig .  119)* Some c e l l s  
a r e  b i - n u c l e a r .
Goble t  c e l l s .  These a re  seen in  v a r i o u s  d e g r e e s  of 
development from the 4-hour  s t a g e  of  r e c i r c u l a t i o n  onwards.
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The f i r s t  s igns  of d i f f e r e n t i a t i o n  a re  i n d i c a t e d  by i n c r e a s e d  
amounts of  r e g u l a r l y  a r ranged p r o f i l e s  of  rough endoplasmic 
r e t i c u l u m  and d i l a t a t i o n  of  Golgi  c i s t e r n a e  to form vacuo les  
( F ig .  113b).  These c o n t a in  a f i n e l y  f i l amen tous  m a t e r i a l  
r e p r e s e n t i n g  e a r l y  mucous g r a n u l e s .  Coated v e s i c l e s  a re  seen 
between c i s t e r n a e  and g r a n u l e s .  A wel l  developed endoplasmic 
r e t i c u l u m  i s  p r e s e n t  over the whole cy toplasmic  volume or  
l i m i t e d  to an a r ea  round the Golgi complex.  The c i s t e r n a e  
a r e  s l i g h t l y  d i l a t e d  by c o n te n t s  which a re  u s u a l l y  dense r  
than  the cy top lasmic  m a t r ix .  C i s t e r n a e  may form c o n c e n t r i c  
l a y e r s  around the nuc leus  (F ig .  126).  Many gob le t  c e l l s  
show a b n o r m a l i t i e s .  The i r r e g u l a r i t i e s  of c e l l  shape and 
p o s i t i o n  are s i m i l a r  to those  seen in  r e g e n e r a t i n g  e p i t h e l ­
i a l  c e l l s .  In abnormal ly-shaped  c e l l s ,  mucous g ranu le s  
occur  a long the luminal  s u r f a c e  wi thou t  forming a " g o b l e t "  
s t r u c t u r e .  Some g r a n u le s  may be abnormal ly  dense .  The 
endoplasmic r e t i c u l u m  i s  seen c l o s e  to g ranu les  w i th o u t  an 
i n t e r v e n i n g  Golgi complex (F ig .  129a) .  The cy top la smic  
m a t r i x  i s  dense  and c o n t a in s  numerous f r e e  r ibosomes .  In 
some go b le t  c e l l s ,  the cytoplasm shows a marked d e c r e a s e  in  
d e n s i t y  and the endoplasmic r e t i c u lu m  i s  i r r e g u l a r l y  d i l a t e d  
(F ig .  129b) .  Mi tochondr i a  may be a l t e r e d .  Cytosomes of 
polymorphous appearance occur  f r e q u e n t l y .  They may be 
c l o s e l y  a s s o c i a t e d  w i th  mucous g r a n u l e s  and some a r e  seen 
to c o a l e s c e  w i th  them (F i g s .  129a; 129b).
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Argentaffin cells. A few argentaffin cells are found in 
regenerating epithelium. Some contain small numbers of 
granules in a clear cytoplasm. The cytoplasm of some 
argentaffin cells does not show this decrease in density 
and is more voluminous. The granules are numerous and 
concentrated at the cell base. Their shape is, however, 
irregular. Cytoplasmic filaments are interwoven to form 
bundles and are present in large amounts (Fig. 130).
Many cells in regenerating epithelium show degenerative 
changes which prelude cell death. The initial change con­
sists of gross mitochondrial swelling and dilatation of the 
endoplasmic reticulum (Figs. 107; 128). The proportions
vary; in severely altered cells the cytoplasmic matrix 
shows a marked decrease in electron density and the cell 
disintegrates. An increase in fat droplets and cytolysomes 
is not consistently seen and nuclear changes may be var­
iable. Most of the degenerating cells occur in the surface 
layer of the epithelium where two layers are present (Fig. 
105). Some cells became detached without showing a dec­
rease in density and disruption (Figs. HO; 127).
Most of the cells which appear to be first in an advanc­
ing row of the epithelium form flat cytoplasmic projections 
which spread along the basement membrane in front of the 
cell body (Figs. 109; llO). These projections may show 
invaginations of the plasma membrane (Fig. 108). Signs of
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t he  deve lopment  of an i n t e r n a l  c e l l  o r g a n i s a t i o n  such as 
may be seen a t  l a t e r  s t a g e s  i n  a d j a c e n t  c e l l s  a r e  a b s e n t .
At the  2 - h o u r  s t a g e ,  a l t e r e d  g o b l e t  c e l l s  a r e  o c c a s ­
i o n a l l y  s een  a t  the  f r o n t  of t he  e p i t h e l i u m  s h e e t .  These  
c e l l s  a r e  t h o u g h t  t o  be l e f t  from the o r i g i n a l  e p i t h e l i u m .
At the  8 -hou r  s t a g e ,  g o b l e t  c e l l s  were  somet imes found to be 
i n  the  advanc ing  edge of  the  e p i t h e l i u m  s h e e t  ( F i g .  124) .  
Thes e  a r e  s i m i l a r  to g o b l e t  c e l l s ,  formed i n  o t h e r  p l a c e s  of  
t h e  r e g e n e r a t i n g  e p i t h e l i u m .  I n  some i n s t a n c e s  a d e t a c h e d  
g o b l e t  c e l l  i s  s i t u a t e d  c l o s e  to  t he  a dvanc ing  p r o j e c t i o n  o f  
t he  f i r s t  c e l l  ( F i g .  108) .
The a b e r r a n t  n e s t s  o f  e p i t h e l i a l  c e l l s  v a ry  i n  s i z e .
The l a r g e s t ,  which may c o n t a i n  up to t h r e e  l a y e r s  of  c e l l s ,  
may be d i s t i n g u i s h e d  w i t h  d i f f i c u l t y  from t a n g e n t i a l l y - c u t  
a d j a c e n t  e p i t h e l i a l  s h e e t s .  The o r g a n e l l e s  o f  c e l l s  form­
ing  t h e s e  h y p e r p l a s t i c  f oc i  do no t  show a p p r e c i a b l e  d i f f e r ­
e nces  from c e l l s  p r e s e n t  e l s e w h e r e  ( F i g .  127) .  They l a c k ,  
however ,  s i g n s  o f  a r r angemen t  which  would i n d i c a t e  t he  
deve lopment  of  i n t e r n a l  p o l a r  o r g a n i s a t i o n  and d e g e n e r a t i v e  
changes  a r e  commonly o b s e r v e d .  I n  m u l t i l a y e r e d  h y p e r p l a s t i c  
s h e e t s ,  t h e s e  d e g e n e r a t i v e  c hanges  a f f e c t  c e l l s  which form 
the  o u t e r  l a y e r s ;  t h o s e  c e n t r a l l y  s i t u a t e d  may be s p a r e d  
( F i g .  127) .
The r e l a t i o n s h i p s  of  c e l l s  which form b r i d g e s  o r  syne -  
c h i a e  a r e  v a r i a b l e ,  f o r  the  a r e a  o f  c o n t a c t  has  a d i f f e r e n t
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w id th ,  o c c a s i o n a l l y  forming only  a t h i n  b r i d g e  (F ig .  125).  
The c e l l s  fac ing  a space l i m i t e d  by synechiae  a re  o f t e n  
o r i e n t a t e d  towards t h i s ,  r e s u l t i n g  in  the fo rmat ion  of 
c r y p t - l i k e  s t r u c t u r e s  (F ig .  128).  We11- d i f f e r e n t i a t e d  
g o b le t  c e l l s  w i th  t h e i r  f r e e  s u r f a c e  fac ing  the  r e c e s s e s  
of the  lumen a re  p r e s e n t  in  t hese  p l a c e s .  The shape of 
g ob le t  c e l l s  may be a t y p i c a l .
A r e l a t i o n s h i p  between c e l l s  of  ad jacen t  e p i t h e l i a l  
s h ee t s  which i s  d i f f i c u l t  to i n t e r p r e t  i s  seen in  F i g .  111b. 
Here bo th  c e l l s  a r e  s e p a r a t ed  by a narrow gap c o n t a i n i n g  
small  amounts of d e b r i s .  Whether  t h i s  r e l a t i o n s h i p  p recedes  
b r i d g e  fo rmat ion  or  r e s u l t s  from the d i s i n t e g r a t i o n  of  a 
c e l l  foiming an anas tomos i s ,  i s  d i f f i c u l t  to d e t e r m i n e .
A vacuo le  w i t h i n  a c e l l  seems to communicate wi th  the 
e x t r a c e l l u l a r  d e b r i s ,  sugges t i ng  t h a t  t h e r e  i s  engulfment  
or  r e l e a s e  of  t h i s  m a t e r i a l .
In  o r d e r  to fol low the p r o g r e s s  of  changes in  n e c r o t i c  
e n t e r o c y t e s ,  the pseudomembrane formed a t  2 hours  a f t e r  
r e c i r c u l a t i o n  was examined. The e n t e r o c y t e s  a l t e r e d  show 
m i t o c h o n d r i a  and v e s i c u l a t e d  endoplasmic r e t i c u l u m  w i th  some 
r ibosomes a t t a c h e d .  Many f a t  d r o p l e t s  a re  p r e s e n t  in  v e s ­
i c l e s  and in  the d i l a t e d  p e r i n u c l e a r  c i s t e r n a e  (F ig .  83a) .  
The pykno t i c  nuc leus  has a homogeneous appearance .  In 
c o n t r a s t  to the e n t e r o c y t e s ,  g o b le t  c e l l s  u s u a l l y  show fewer 
changes and a re  comparable to those  seen a t  the end of the
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i s c h a e m i c  p e r i o d .
L a m i n a  p r o p r i a
T h e  a p p e a r a n c e s  o f  n e c r o t i c  t i s s u e  s how m i n o r  v a r i a t ­
i o n s  w h i c h  c a n n o t  b e  p r e c i s e l y  c o r r e l a t e d  w i t h  a t i m e  s c a l e .  
T h i s  s e e m s  to  b e  o f  l i t t l e  i m p o r t a n c e  s i n c e  t h e  c h a r a c t e r  
o f  c h a n g e s  s e e n  u n d e r n e a t h  t h e  a r e a  o f  n e c r o s i s  d o e s  n o t  
s e e m  t o  b e  r e l a t e d  t o  t i m e .  I n  s o me  p l a c e s ,  o u t l i n e s  o f  
d i s i n t e g r a t e d  c e l l s  c a n  s t i l l  b e  t r a c e d  i n  t h e  d e b r i s ,  
w h i l e  i n  o t h e r s ,  d i s i n t e g r a t i o n  i s  m o r e  h o m o g e n e o u s ,  N o n -  
h a e m o l y s e d  a n d  h a e m o l y s e d  e r y t h r o c y t e s  a r e  v e r y  n u m e r o u s  
( F i g ,  1 3 1 a ) ,  Some  m e m b r a n e - 1 i m i t e d  v e s i c l e s  a r e  s e e n  t o  b e  
r e m n a n t s  o f  e n d o p l a s m i c  r e t i c u l u m ;  o t h e r s ,  c o n s i s t i n g  o f  
t h e  t w i s t e d  s e g m e n t s  o f  m e m b r a n e s ,  w h i c h  o c c u r  i n  i r r e g u l a r  
p a i r s  an d  o c c a s i o n a l l y  f u s e ,  s e e m t o  b e  d e r i v e d  f r o m  m i t o ­
c h o n d r i a .  T h e  s e g m e n t s  o f  m e m b r a n e s  show a s y m m e t r i c a l ,
t r i p l e - l a y e r e d  " u n i t  me mbr a ne "  s u b s t r u c t u r e ,  a p p r o x i m a t e l y  
o
90A i n  t h i c k n e s s .  A m o r p h o u s  d e b r i s  i s  i n t e r s p e r s e d  o r  
p a r t i a l l y  e n c l o s e d  w i t h i n  m e m b r a n e  s e g m e n t s  ( F i g .  1 3 1 b ) .  
S o me  p a r t i c l e s  i n  t h i s  d e b r i s  a r e  i d e n t i c a l  t o  r i b o s o m e s .  
Th e  m e m b r a n o u s  and a m o r p h o u s  d e b r i s  c o n t a i n s  n u m b e r s  o f  f a t  
d r o p l e t s  a b o u t  1 5 0 - 2 0 0 m  u i n  s i z e .  The  am ou n t o f  f i b r i n  
i s  e x t r e m e l y  s m a l l  ( F i g .  1 0 8 ) .  G r a n u l e s  o f  d i s i n t e g r a t e d  
e o s i n o p h i l  l e u c o c y t e s  p r e s e n t  i n  t h e  d e b r i s  a r e  r e a d i l y  
i d e n t i f i e d .  D i s i n t e g r a t e d  p a r a s i t i c  p r o t o z o a  w e r e  o c c a s ­
i o n a l l y  f o u n d .
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At l a t e r  s t a g e s ,  the remnants  of the n e c r o t i c  t i s s u e  
a re  permeated by polymorphs and macrophages.  The former a re  
more numerous and show a h i g h e r  d e n s i t y  of the cy top lasmic  
m a t r i x  than the l a t t e r  ( F ig .  132a) .  Both c o n t a i n  numerous 
phagosomes,  which a t t a i n  a l a r g e r  s i z e  in  macrophages.  The 
d e b r i s  con ta ined  in  most of the phagosomes has a more con­
densed and homogeneous appearance  than t h a t  which occurs  
o u t s i d e  the c e l l  (F ig .  132b).  The phagosomes in  macro­
phages a re  u s u a l l y  s i t u a t e d  near  the Golgi  complex and 
v e s i c l e s  a re  seen between b o t h .  O the r  phagosomes c o n t a i n  
g r a n u l e s .  This i s  a l so  seen in  polymorphs.  Polymorphs 
show f r e q u e n t l y  d e g e n e r a t i v e  changes .  The number of  " s p e c ­
i f i c "  g r anu le s  in  some c e l l s  i s  d e c r e a se d .  This  change i s  
a s s o c i a t e d  w i th  the  p re sence  of  v a c u o l e - l i k e  spaces .  These
lack  l i m i t i n g  membranes and show c o n t e n t s  which c o n s i s t
o
of  i r r e g u l a r  shor t  f i l a m e n t s  about 150-200A in  wid th  which 
appea rs  as d o t s  when cut  t r a n s v e r s e l y .  Some of t h e s e  abut  
upon the  wa l l  of  the space (F ig .  133a) .  S i m i l a r  d o t - l i k e  
s t r u c t u r e s  in  the cytoplasm are  seen to be sur rounded by a 
t h i n  h a l o ,  but  cannot  be d i f f e r e n t i a t e d  from r ibosomes .  
" S p e c i f i c "  g r an u le s  may be seen c l o s e  to t hese  v a c u o l e - l i k e  
s paces .  These spaces  va ry  in  s i z e  and t h e i r  c o n f i g u r a t i o n  
i n d i c a t e s  t h a t  t h e i r  f u s i o n  has o c c u r r e d .  Membrane-1imi ted  
v a c u o le s  of an empty appearance  may be seen in  a d d i t i o n .  
Another  change f r e q u e n t l y  seen in  exuded polymorphs i s
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pyknos i s  and k a r y o r r h e x i s  (F ig .  133b).  The n u c l e a r  lobes 
a re  rounded and condensed,  the chromat in  s h a rp ly  d e l i m i t e d  
from small  amounts of nucleoplasm which form a c r e s c e n t i c  
mass ad j acen t  to the  n u c l e a r  membrane.
The rounded n u c l e a r  segment i s  d i s p l a c e d  towards the  
p e r i p h e r y  of the c e l l  and t h e  l a y e r  of cytoplasm,  which 
i n t e r v e n e s  between i t  and the plasma membrane may become 
ext remely  nar row.  However, the  r u p t u r e  of  the c e l l  and 
e x t r u s i o n  of  the pykno t i c  segment was not  obse rved .  Some 
c e l l s  show membrane-bounded vacuo le s  and c o n t a i n  f r e e ,  
l a r g e  l i p i d  d r o p l e t s .
Macrophages show d e g e n e r a t i v e  changes l e s s  f r e q u e n t l y .  
These c o n s i s t  of  d i l a t a t i o n  and v e s i c u l a t i o n  of the endo­
plasmic  r e t i c u l u m ,  the appearance  of f r e e  l i p i d  d r o p l e t s  
in  the cytoplasm and d i s r u p t i o n  of the plasma membrane. 
C l u s t e r s  of  v e s i c l e s  surrounded by v a c u o le s  a r e  o c c a s i o n a l l y  
seen,  d e r i v e d ,  p o s s i b l y ,  from t h e  Golgi  complex. These 
d e g e n e r a t i v e  changes do not seem to be a s s o c i a t e d  wi th  
p h a g o c y t o s i s .
Blood v e s s e l s  in  the  zone of  n e c r o s i s  show c h a r a c t e r i s ­
t i c  changes .  The lumen i s  o b s t r u c t e d  by non-homogeneous 
i r r e g u l a r  masses of va ry ing  e l e c t r o n  d e n s i t y .  The s u r f a c e  
of  t he se  masses which are  a p p a r e n t l y  haemolysed e r y t h r o c y t e s  
i s  p a r t i a l l y  sur rounded by membranes (F ig .  134a) .  Numerous 
membranes a re  seen e x t e rn a l  to t hese  remnants .  The appearance
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i s  c h a r a c t e r i s t i c .  The membranes a re  t r i p 1e - 1a y e r e d ,
o
symmet r ica l ,  approx imate ly  80A in  t h i c k n e s s .  They a re
a r ranged  in  p a i r s  which,  when running p a r a l l e l ,  enc lose  a
o
l a y e r  about 90-150A t h i c k  ( F ig .  134b).  This  c o n s i s t s  of 
m a t e r i a l  s i m i l a r  to t h a t  seen in  e r y t h r o c y t e  remnants .
The p a i r e d  membranes form, in  p l a c e s ,  l a r g e  a r r a y s  which 
c o n s i s t  of  whor l s  or a r e  c o n c e n t r i c .  Close  to the  remains 
of  the e r y t h r o c y t e s  and membranes, g r a n u l e - l i k e  s t r u c t u r e s  
o r  " s p h e r u l e s "  a re  seen,  the s i z e  of which i s  v a r i a b l e ,  but  
mos t ly  about lOOm u in  d i a m e t e r ,  (F ig .  134a) .  These a re  
bounded by a t r i p l e - 1ayered membrane and c o n t a in  m a t e r i a l ,  
the d e n s i t y  of which v a r i e s  between t h a t  of e r y t h r o c y t e s  and 
t h e i r  remnants (Fig .  134b).  In most c a s e s ,  " s p h e ru l e s "  are  
c o n c e n t r a t e d  in  the p l a c e s  where the endothel ium i s  a b s e n t .  
Sometimes,  remnants of e n d o t h e l i a l  cy toplasm,  ly ing nearby 
" s p h e r u l e s "  a r e  seen (F ig .  135a) .  P r e s e r v e d  e r y t h r o c y t e s  
a r e ,  however,  r a r e  i n  thrombosed v e s s e l s .  The basement 
membrane shows poor d e f i n i t i o n  (F ig .  134b).  "Spheru le s"  
may be seen e x t e r n a l  to the  basement  membrane (F ig .  135a).  
F u r t h e r  s i m i l a r  s t r u c t u r e s  occur  in  the d e b r i s  nea r  to 
v e s s e l s ,  bu t  t h e s e  a re  not  thought  to have migra ted  from 
the v e s s e l s .
The d e l i m i t a t i o n  of n e c r o s i s  towards su rv i v i n g  t i s s u e  
i s  not  sha rp .  The t r a n s i t i o n a l  zone shows l e s s  advanced 
d i s i n t e g r a t i o n  of c e l l s  and the  degree  of a l t e r a t i o n  in
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i n d i v i d u a l  c e l l s  may vary g r o s s l y .  Most of the p re se rv ed  
c e l l s  in  t h i s  a r e a  are  macrophages.
Plasma c e l l s  show a c h a r a c t e r i s t i c  change which can be 
c l a s s i f i e d  as c o a g u l a t i o n  n e c r o s i s .  Such c e l l s  are  o c c a s ­
i o n a l l y  seen in  the d e b r i s  of  the upper  zone of n e c r o s i s ,  
but most f r e q u e n t l y  they a r e  being phagocytosed in  i t s  edge 
(F ig .  136).  Both f r e e  and phagocytosed f ragments  of plasma 
c e l l s  appear  as round,  dense b o d i e s ,  most of which c o n t a in  
r e c o g n i s a b l e  c e l l  c o n s t i t u e n t s .  They a re  s i m i l a r  to those  
observed in  n e c r o t i c  plasma c e l l s  in  normal lamina p r o p r i a ,  
but t h e i r  f e a t u r e s  a re  more v a r i a b l e  (F ig .  137a) .  Occas­
i o n a l l y  the mi tochondr i a  appear  normal ,  but  in  most i n s t a n c e s  
they a re  swol len and c o n t a i n  only remnants  of  c r i s t a e  and 
m a t r i x .  Endoplasmic r e t i c u l u m  v a r i e s  from a normal c i s t e r ­
na l  to a p u r e l y  v e s i c u l a r  appearance .  The Golgi complex 
i s  t r ans formed  in to  v e s i c l e s  which may be d i s p l a c e d  to the  
p e r i p h e r y  of  the f ragment .  Granu les  a s s o c i a t e d  w i th  the 
Golgi  complex remain unchanged.  The n u c l e a r  remnants a re  
u s u a l l y  very  dense and homogeneous. In r a r e  i n s t a n c e s ,  
when the d e n s i t y  does not  obscure the  s t r u c t u r e ,  d i s c r e t e  
bundles  of t h i n  f i l a m e n t s  may be seen in  the  nuc leoplasm.
Some f r e e  plasma c e l l s  w i th  a s l i g h t l y  dense r  cytoplasm 
than normal have a nuc leus  wi th  condensed chromat in  which 
shows r e g u l a r  d e l i n e a t i o n  from the nuc leoplasm (F ig .  137b).  
Whether  t h i s  change p recedes  n e c r o s i s  i s  u n c e r t a i n .  The
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m a c r o p h a g e s  w h i c h  c o n t a i n  p h a g o c y t o s e d  p l a s m a  c e l l s  f r e ­
q u e n t l y  h a v e  a d i l a t e d  e n d o p l a s m i c  r e t i c u l u m  and t h e  l a y e r  
o f  t h e  c y t o p l a s m  w h i c h  i n t e r v e n e s  b e t w e e n  t h e  p h a g o s o m e  and  
t h e  p l a s m a  m e m b r a n e ,  may b e  v e r y  t h i n  ( F i g .  1 3 8 b ) .  Some  
m a c r o p h a g e s  c o n t a i n  s e v e r a l  l a r g e  i n c l u s i o n s  o f  v a r i a b l e  
a p p e a r a n c e  ( F i g .  1 3 8 a ) .  L o s s  o f  d e f i n i t i o n  b e t w e e n  t h e  
e n d o p l a s m i c  r e t i c u l u m  and t h e  d e n s e  m a t r i x  o r  i t s  d i s a p p e a r ­
a n c e  i s  u s u a l l y  a s s o c i a t e d  w i t h  t h e  f u r t h e r  d e g r a d a t i o n  o f
t h e  p h a g o c y t o s e d  p l a s m a  c e l l .  Some i n c l u s i o n s  c o n s i s t  o f
o
c o a r s e  p a r t i c l e s  a b o u t  3 0 0 - 4 0 0 A  i n  d i a m e t e r  w h i c h  may  
c o a l e s c e ,  m e m b r a n e s  and a m o r p h o u s  d e n s e  m a t e r i a l .  P a r t i c l e s  
and m e m b r a n e s  a r e  s o m e t i m e s  a r r a n g e d  i n t o  p a r a l l e l  a r r a y s  
( F i g .  1 3 8 b ) .  T h e i r  a p p e a r a n c e  i s  s i m i l a r  t o  t h a t  w h i c h  w a s  
s e e n  i n  t h e  c e l l  f r a g m e n t s  o f  n o r m a l  l a m i n a  p r o p r i a ,  ( c . f .
F i g .  3 8 ) .
I t  i s  t h o u g h t  t h a t  s ome  o f  t h e  l e s s  c h a r a c t e r i s t i c  
i n c l u s i o n s  may r e p r e s e n t  p h a g o c y t o s e d  l y m p h o c y t e s .
S u r v i v i n g  p l a s m a  c e l l s  c o n t a i n e d  f e w  m e m b r a n e - b o u n d  
i n c l u s i o n s  w h i c h  c a n  b e  c l a s s i f i e d  a s  c y t o l y s o m e s  ( F i g .  1 3 9 ) *  
T h e s e  c o n t a i n  r o u n d e d  f r a g m e n t s  o f  t h e  c i s t e r n a e  o f  e n d o ­
p l a s m i c  r e t i c u l u m  w i t h  a t h i n  r i m  o f  c y t o p l a s m i c  m a t r i x .  
C y t o l y s o m e s  a r e  s i t u a t e d  c l o s e  t o  t h e  G o l g i  c o m p l e x .  Som e  
p h a g o s o m e s ,  w h i c h  c o n t a i n  p l a s m a  c e l l s  may b e  s e e n  l y i n g  
c l o s e  t o  s u r v i v i n g  p l a s m a  c e l l s .  T h i s  r e l a t i o n s h i p  i s  d i s -  
t i n g u i s h e d  f r o m  t h e  f o r m a t i o n  o f  l a r g e  c y t o l y s o m e s  o r  e x t e r n a l
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e x t r u s i o n  of an a l t e r e d  c e l l  p o r t i o n  by the  p re se n c e  of  a 
t h i n  l a y e r  of a macrophage cytoplasm which i n t e r v e n e s  
between b o th .  The d i s t i n c t i o n  may be obscured by d i l a t e d  
endoplasmic r e t i c u l u m  around the i n c l u s i o n  in  the cytoplasm 
of  the macrophage.
A few p lasmocytes ,  on the o t h e r  hand,  undergo n e c r o s i s  
and d i s i n t e g r a t i o n  which has not  a c o a g u l a t i v e  c h a r a c t e r .
The endoplasmic r e t i c u l u m  of t he se  c e l l s  i s  t r ans formed  
i n to  v e s i c l e s .
Mast c e l l s  u s u a l l y  show advanced d e g r a n u l a t i o n .  Vac­
u o l e s  which r e s u l t  from t h i s  p rocess  c o n t a i n  t r a c e s  of 
amorphous p r e c i p i t a t e  or  some g r a n u l e  remnants ( F ig .  140a) . 
The l i m i t i n g  membrane of t hese  vacuo le s  i s  d i s c o n t i n u o u s  
and they f r e q u e n t l y  fuse .  D i s c o n t i n u i t i e s  in  the cytoplasm 
sur round ing  the vacuo les  a re  seen;  these  may in  p a r t  be 
a r t i f i c i a l .  The remaining g r a n u le s  a re  homogeneous and 
e l e c t r o n  dense ,  but  a d e c r e a se  i n  d e n s i t y  w i th  the appea r ­
ance of  s u b s t r u c t u r e  may occur  i n  some g r a n u l e s .  The spa r se  
endoplasmic r e t i c u l u m  i s  d i l a t e d  (F ig .  140b).  Some mast 
c e l l s  in  the margin of the n e c r o t i c  zone show s i m i l a r  
changes but  the cytoplasm i s  dense .  These c e l l s  seem to 
undergo n e c r o s i s ,  resembl ing  t h a t  of p l asmocytes .
The g r a n u l e s  of e o s i n o p h i l i c  l eu c o c y te s  show a l t e r a t ­
ions s i m i l a r  to those  d e s c r i b e d  dur ing  the  i schaemic s t a g e .  
Advanced d i s i n t e g r a t i o n  of the  externum r e s u l t s  in  r e l e a s e
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of the crystalline internjm (Fig. 141b). The longitudinal 
periodicity of the crystal is retained. Alterations of 
granules, thought frequent, do not seem to be related to 
the cell damage. Released, unaltered granules may be seen 
in the debris. Some eosinophils, on the other hand, are 
not, apart from granules change, severely altered (Fig.
141a). Some cells show marked nuclear pyknosis with separ­
ation of the chromatin from nucleoplasm.
The appearance of capillaries and small venules varies. 
Some are unchanged and contain individual polymorphs or 
platelets. Endothelial cells sometimes show numerous small 
projections into the lumen and caveolae which are larger 
than normal. These may have an appearance of large vesicles. 
In other vessels there is a wide gap between endothelium 
and pericyte in which deformed erythrocytes or their large 
fragments, amorphous precipitates, "spherules" and membranes 
identical in appearance to those described above, were seen 
(Fig. 142a). The gap may communicate with the perivascular 
space. Continuity with the lumen is rarely detected. The 
basement membranes show defects and their remnants are, to 
a variable degree, obscured by precipitated material. This 
material consists in places, of indistinct fibrils which did 
not show a periodicity, which would indicate fibrin depos­
ition (Fig. 142a, arrow). The endoplasmic reticulum in 
endothelial cells is dilated and some mitochondria swollen.
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The vessels which show gaps are mostly situated in the zone 
of severely altered tissue. Polymorphs were seen migrating 
between endothelium and pericytef.
Vessels adjacent to the zone of necrosis show platelet 
thrombosis. Rarely an agglutinate of platelets and poly­
morphs are seen without obstructing the lumen completely.
Any gaps between the endothelium were covered by cell proc­
esses or thrombocytes (Fig. 142b). Regardless of the 
condition of the vessel wall, the "spherules" were seen in 
all stages of their passage through the basement membrane 
into surrounding tissues, (Fig. 135b).
Lymphatic vessels which were seen in this zone show 
dissociations of endothelial cells. The gap is filled by 
d ebris•
The changes in smooth muscle cells underneath the nec­
rotic zone, consist mainly of the prominent dilatation of 
endoplasmic reticulum. The ribosomes attached to the mem­
branes are distributed irregularly and are usually absent 
along the aspect of the cisternae facing the zone of myo­
filaments (Fig. 143a). Further changes consist of gross 
mitochondrial swelling and formation of cytolysomes (Fig. 
143b). The number of pinocytotic vesicles along the plasma 
membrane seems to be decreased in affected cells.
Under the light microscope, the core of some villi after
complete reepithe 1isation is formed by a layer of oedematous
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granulation tissue or contains fluid with polymorphs, macro­
phages and erythrocytes. Electron microscopy shows that 
the transition of the lamina propria into the area of oedema 
is rather sharp, and only a few cells and some processes 
are detached from the zone of compact tissue. Some endo­
thelial cells in the transition zone are found which show 
many processes projecting both into the lumen and surround­
ing tissue. The basement membrane is absent (Fig. 144).
The changes present in the zone of reactive inflammation 
recede in the base of the lamina propria. Many areas appear 
normal apart from frequent phagosomes (Fig. 145). These are 
sometimes of large size, but their origin cannot be deter­
mined. Occasionally early stages of cytolysomes were found 
in reticulum cells after 2 hours of recirculation.
Changes in the smooth muscle cells of the tunica muscularis 
were observed after four and eight hours of recirculation.
At four hours, abnormal large vesicles were seen beneath 
the plasma membrane. Some are rounded or irregular, but 
most are flattened (Fig. 146c). Narrow communications with 
intercellular spaces were seen, Mitochondria in some cells 
are swollen. At 8 hours, the plasma membrane shows extens­
ive invaginations resulting in the formation of large spaces 
which apparently form vacuoles after a separation of the 
membranes (Fig. 146b). These vacuoles were only seen in 
the periphery of cells. In the perinuclear cytoplasm,
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cytolysomes  occur red  which c o n ta in e d  cy toplasmic  m a t r i x  or  
m i to c h o n d r i a  in  v a r io u s  degrees  of  d e g r a d a t i o n  (F i g s .  146d; 
1 4 6 e ) .
Neurons of  Auerbach’ s p l exus  show swol len m i to c h o n d r i a ,  
modera te  d i l a t a t i o n  of the Golgi  c i s t e r n a e  and the endo­
p lasmic  r e t i c u lu m  (Fig .  146a) .  A few Golgi  c i s t e r n a e  con­
t a i n  dense m a t e r i a l  which resembles  pr imary  lysosome form­
a t i o n .  Unl ike  neurons no c o n s i s t e n t  changes were seen in  
the nerve  f i b r e s  of  the p l e x u s .
A d i s c o n t i n u i t y  was r a r e l y  observed in  the l a y e r  of 
mesothe l ium.  The d e f e c t  may be a r t i f i c i a l .
DISCUSSION:
E p i t h e l i a l  changes:
The f a c t o r s  which de te rmine  the r a t e  of  r e p a i r  depend 
on the e x t e n t  of the  p reced ing  c e l l  l o s s  and k i n e t i c s  of 
e p i t h e l i a l  p r o l i f e r a t i o n .  Complet ion of r e e p i t h e 1i s a t i o n  
t akes  p l a c e  most f r e q u e n t l y  8-16 hours  a f t e r  r e c i r c u l a t i o n .  
At t h i s  s t a g e ,  the h e igh t  of the  zone of  the  r e g e n e r a t e d  
e p i t h e l i u m  i s  lower than the  dep th  o f  c r y p t s .  P rov ided  t h a t  
c e l l  c yc l e  of an e p i t h e l i a l  c e l l  ave rag ing  10"j hours  
( C a i r n i e ,  Lamerton and S t e e l ,  1965a) i s  not  g r o s s l y  changed 
as a r e s u l t  of  i schaemia ,  one c e l l  c y c l e  in  the p r o l i f e r ­
a t i v e  c r y p t  zone i s  s u f f i c i e n t  to produce a l l  the  c e l l s  in  
the r e g e n e r a t e d  zone.  There i s  a s t r i k i n g  r a r i t y  of m i toses  
in  the zone of  r e g e n e r a t e d  e p i t h e l i u m ,  s u g g e s t i n g  t h a t  most
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of  the m i t o t i c  a c t i v i t y  t akes  p l a c e  in  the  c r y p t s .  In  terms 
of the "slow c u t - o f f "  model proposed by C a i r n i e ,  Lamerton 
and S t e e l  (1965) (See Chap te r  1) the zone a s s o c i a t e d  w i th  
the  " c r i t i c a l  d e c i s i o n  phase" i s  d i s p l a c e d  upwards or  absent  
to meet the i n c r e a s ed  demand fo r  c e l l  p r o d u c t i o n .  Another  
f a c t o r  which may i n f l u e n c e  the  r a t e  of r e g e n e r a t i o n  i s  the 
s y n c h r o n i s a t i o n  of m i t o t i c  a c t i v i t y .  I t  is  unknown whether  
t h i s  o c c u r s .
The i n f l u e n c e  of d i f f e r e n t  f a c t o r s  on the appearance of 
r e g e n e r a t i n g  c e l l s  i s  d i f f i c u l t  to de t e rm in e .  S i m i l a r  d i f f ­
i c u l t i e s  occur  in  a l l  o b s e rv a t i o n s  and the genera l  i n t e r ­
p r e t a t i o n s  of f i ne  s t r u c t u r a l  changes ,  a s s o c i a t e d  w i th  r e g ­
e n e r a t i o n ,  a re  not  unanimous.  The c e l l  changes were thought  
to be the  r e s u l t  of  the i n j u r y  a s s o c i a t e d  wi th  the o p e r a t ­
ion ( F i s h e r  and F i s h e r ,  1963).  Jordan (1964) ,  Becker  and 
Lane (1965) ,  and Bernhard and R o u i l l e r  (1956) b e l i e v e d  t h a t  
changes p reced ing  and a s s o c i a t e d  w i th  the s t age  of  the 
p r o l i f e r a t i o n  r e p r e s e n t  an a c t i v e  re sponse .  The secondary 
i n f l u e n c e  of d i s t u r b e d  t i s s u e  r e l a t i o n s h i p s  and changes in  
t i s s u e  components such as those  caused by inf lammat ion  have 
to be c on s i d e r e d .  The changes in  r e g e n e r a t i n g  c e l l s  a t  
l a t e r  s t a g e s  r e f l e c t  d i f f e r e n t i a t i o n .  The l i t e r a t u r e  o f f e r s  
l i t t l e  he lp  in terms of f i ne  s t r u c t u r e ,  and the  evidence 
a v a i l a b l e  mos t ly  concerns  r e g e n e r a t i n g  l i v e r .
The c rypt  and the r e g e n e r a t i n g  e p i t h e l i u m  can be regarded
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as one system, so that separate discussions are not made 
unless necessary. The term "regenerating epithelium" is used 
to describe cells which are situated above the crypt epith­
elium. A comparison of the cells of the regenerating epith­
elium at an early stage with those of crypts indicates that 
the most striking change is a loss of a regular organisation 
and simplification of surface structure. This modification 
can be classified as dedifferentiation. The mechanism of 
surface simplification is difficult to determine. In liver 
cells at early stages of regeneration, microvilli are lost 
by fusion and sequestration into the space of Disse. The 
ectoplasmic layer disappears at the same time (Lane and 
Becker, 1966). No signs of a similar process were seen in 
the intestine where the surface structures are more complex. 
Here the disappearance of microvilli seems to be associated 
with the loss of a polar organisation of cells in the border 
between crypt and regenerating epithelium. Microvilli may 
disappear by being distorted during the change of the cell 
shape and orientation. Simplification of the surface in 
liver cells was thought to be a sign of dedifferentiation 
preceding cell division (Lane and Becker, 1966). This 
assumption is less plausible in the intestine. The first 
cells of regenerating epithelium to show simplification of 
the cell surface have migrated from the uppermost zone of
the crypts. According to Cairnie,, Lamerton and Steel
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(1965a; b), these cells are mostly nonproliferative ele­
ments after a "critical decision phase". On the other 
hand if the first cells migrated into the regenerating zone 
before the "critical decision phase" these are normally pro­
liferative. This may be decided by labelling with tritiated 
thymidine. Abnormalities of the cell apex in the upper zones 
of the crypt, however, suggest that cellular modification 
takes place in this area, though whether this change pre­
ludes loss of microvilli is uncertain. These changes 
somewhat resemble those seen in sprue in the same zone 
(Rubin, Ross, Sleisenger and Weser, 1966) where cells above 
this area also have defective microvilli.
The representation of organelles of cells in the regen­
erating zone resembles that seen during regeneration in other 
tissues. There is an abundance of free ribosomes and the 
endoplasmic reticulum is present in reduced amounts (Stenger 
and Confer, 1966; Jordan, 1964; Price, Howes and Blumberg, 
1964)• This is known to be common to undifferentiated and 
proliferating cells (See Porter, 1961). Increased RNP 
synthesis demonstrated in the regenerating liver (See Bucher, 
1963) is correlated with the increased free ribosomes. A 
close association of endoplasmic reticulum and mitochondria 
was frequently observed in regenerating liver (Bernhard and 
Rouiller, 1956; Jordan, 1964; Stenger and Confer, 1966; 
Viragh and Bartok, 1966) but is not specific to this process
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f o r  i t  may be seen to  some e x t en t  in  normal c e l l s  or  in  
o t h e r  c o n d i t i o n s .  D i l a t a t i o n  of the endoplasmic r e t i c u lu m  
was seen in  r e g e n e r a t i n g  l i v e r  (Viragh and B a r t o k ,  1966; 
S t e n g e r  and Confe r ,  1966).  In  the c e l l s  of  r e g e n e r a t i n g  
i n t e s t i n a l  e p i t h e l i u m ,  d i l a t a t i o n  i s  moderate  and i n c o n ­
s i s t e n t  u n l e s s  the c e l l  shows f u r t h e r  s igns  of d e g e n e r a t i o n .  
A p p re c i ab l e  i n c r e a s e s  in  the  amount of  the endoplasmic 
r e t i c u l u m  were not  seen du r ing  the p e r i o d  examined, a l though  
a t  t h e  end of r e e p i t h e l i s a t  ion c i s t e r n a e  are  f r e q u e n t l y  
longe r .  Enlargement  of the Golgi  complex of r e g e n e r a t i n g  
e p i t h e l i u m  has been seen in h e p a t o c y t e s  (S tenger  and Confe r ,  
1966; V i ragh  and B a r t o k ,  1966).  The f r equen t  a s s o c i a t i o n  
of  t h i s  f i n d i n g  w i th  au tophagocy tos i s  in  i n t e s t i n e  sugges t s  
t h a t  enlargement  may be r e l a t e d  to t h i s  p rocess  ( s ee  be low) .  
An accumula t ion  of f a t  d r o p l e t s  w i t h i n  the Golgi complex 
dur ing  r e g e n e r a t i o n  was d e sc r i b e d  in  l i v e r  ( J o r d a n ,  1964; 
T r o t t e r ,  1965) .  Here i t  accompanied the p re sence  of  f a t  
in  the endoplasmic r e t i c u l u m  or  w i t h i n  small  v e s i c l e s .  The 
f a t  was b e l i e v e d  to have e n t e r ed  the c e l l s  by p i n o c y s t o s i s . 
In the i n t e s t i n e ,  t h e  s pa r se  endoplasmic r e t i c u lu m  i s  f r e e  
o f  l i p i d  and only a few v e s i c l e s ,  which c o n t a in  f a t ,  a r e  
p re s e n t  above the  Golgi  complex.  This  w i l l  be d i s c u s s e d  in  
the next  C h a p t e r .  The l o c a t i o n  of f a t - c o n t a i n i n g  v e s i c l e s  
and vac u o le s  c l o s e  to the plasmalemma, sugges t s  a d i s c h a r g e  
of f a t  i n to  the i n t e r c e l l u l a r s p a c e .
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Mitochondrial swelling may accompany regeneration in 
liver (Viragh, and Bart ok, 1966; Jordan, 1964; Fisher and 
Fisher, 1963) and enzymatic activity is decreased (see 
Viragh and Bart ok, 19 66). In our material the evidence 
suggests that swelling is a secondary change due to dis­
turbed relationships between proliferating epithelium and 
the altered circulation in the stroma. In some cases, 
however, the epithelium covering oedematous villi which 
lack any vessels does not show mitochondrial swelling. The 
increase in the density of mitochondrial matrix which occurs 
later, appears to be associated with the later phases of 
reepithe 1isat ion and will be discussed later. The close 
relationship of mitochondria to lipid as seen at the early 
stages, was described in regenerating hepatocytes (Stenger 
and Confer, 1966). This relationship is non-specific, 
however, and has, since Palade's report (1959) been observed 
in many conditions. Increased numbers of fat droplets in 
the cytoplasm have been described frequently in liver reg­
eneration (Stenger and Confer, 1966; Jordan, 1964; Viragh 
and Bartok, 1966; Fisher and Fisher, 1963), but their rel­
ationship to other changes is not precisely known,
Variations in electron density of the cytoplasm of reg­
enerating cells were described in liver by Viragh and 
Bartok (1966), in association with differences in the con­
tents of organelles. Regenerating intestinal epithelial
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c e l l s  do not  show s i m i l a r  d i f f e r e n c e s  in  the r e p r e s e n t a t i o n  
of o r g a n e l i e s .
The appearance  of the n u c l e i  i s  s i m i l a r  to t h a t  of  r e g ­
e n e r a t i n g  l i v e r  c e l l s  (S tenge r  and Confe r ,  1966; Jo rdan ,  
19o4) where u 1t r a s t r u e t u r a l  f e a t u r e s  were c o r r e l a t e d  wi th  
b iochemical  changes of nuc1e o p r o t e i n s . Nuclear  changes 
appear  to be a s s o c i a t e d  wi th  p r o l i f e r a t i o n .  Aggrega t ion  
of  i n t e r c h r o m a t i n  g r a n u l e s ,  such as were seen in  r e g e n e r a t i n g  
c e l l s ,  has been seen to a l a r g e r  e x t e n t  in  cancer  c e l l s  
(Bernhard and Granboulan,  1963) and in  p r e n e o p l a s t i c  l i v e r  
d u r ing  e t h i o n i n e  i n t o x i c a t i o n  (Miyai and S t e i n e r ,  1965).
The r e t r o g r e s s i v e  changes dur ing  r e g e n e r a t i o n  which are 
r e p r e s e n t e d  by au to p h ag o cy to s i s  and c e l l  n e c r o s i s ,  a f f e c t  
c r y p t  and r e g e n e r a t i n g  e p i t h e l i u m .  Cytolysomes cannot  some­
t imes  be d i s t i n g u i s h e d  from phagosomes. In l i v e r ,  r e g e n e r ­
a t i n g  a f t e r  p a r t i a l  hepatectomy,  lysosomes i n c r e a s e  in  
number ( Jo rdan ,  1964).  This  i s  he ld  to be the r e s u l t  of the 
exper imenta l  i n j u r y  ( F i s h e r  and F i s h e r ,  1963).  Auto­
p h a g o c y t o s i s  observed by Becker  and Lane (1965) in  l i v e r ,  
was b e l i e v e d  to r e p r e s e n t  a form of d e d i f f e r e n t i a t i o n  p r e c e d ­
ing m i t o t i c  a c t i v i t y  but  l a t e r  the same au t h o r s  concluded 
t h a t  i t  i s  s econdary ,  p robab ly  due to the m i t o t i c  s t im u lus  
(Becker  and Lane,  1966).  In  the p r e s e n t  s tudy,  t h e r e  i s  
l i t t l e  r eason  to doubt t h a t  cytolysomes r e s u l t  from s u b l e t h a l  
i schaemic i n j u r y  to the e p i t h e l i u m ,  s i m i l a r  to t h a t  seen in
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in liver during hypoxia (Glinsmann and Ericsson, 1966;
Confer and Stenger, 1964). The appearance of cytolysomes 
is similar to that observed in the crypt epithelium by Hugon 
and Borgers (1965a; 1966a) after X-ray irradiation.
Some circular membranous profiles which enclose matrix 
suggest the formation of cytolysomes, but their further 
fate is not obvious. The derivation of the limiting membrane 
was not determined. The relationship between the cytoly­
somes and the Golgi cisternae and vesicles is similar to 
that observed in the crypt epithelium by Hugon and Borgers 
(1965a). These authors demonstrated increased acid phos­
phatase activity in Golgi vesicles during cytolysome form­
ation (Hugon and Borgers, 1966d). The opinion prevails 
that the membranes of cytolysomes in various cells are der­
ived from the endoplasmic reticulum (Novikoff and Shin,
1964; Novikoff, Essner and Quintana, 1964; Hugon and 
Borgers, 1965a; Ericsson, Trump and Weibel, 1965; Ericsson 
and Glinsmann, 1966; Glinsmann and Ericsson, 1966). The 
relationship of the Golgi complex to cytolysomes and the 
role of Golgi vesicles as primary lysosomes in the transfer 
of enzymatic activity has also been recognised (c.f. Novikoff, 
1963; Brandes, Buetow, Bertini and Malkoff, 1964). Whether 
any pre-existing cytosomes (=: lysosomes) were incorporated 
into cytolysomes, as was suggested in the crypt epithelium
by Hugon and Borgers (1965a) was not determined. Cytolysomes
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which most ly  c o n t a i n  r ibosomes cor respond to the " l e s  amas 
r ibosomiques"  of Hugon and Borgers  (1965a) .  The i r  f requency 
may be due to the high number of r ibosomes p r e s e n t  in  the 
c r y p t  and r e g e n e r a t i n g  e p i t h e l i u m .  More complex bod ies  may 
r e s u l t  from the  fu s ion  or  i n c o r p o r a t i o n  of a l t e r e d  o r g a n ­
e l l e s ,  such as m i tochondr i a .  This  su g g es t s  t h a t  mi tochond­
r i a l  a l t e r a t i o n  may p r o g r e s s  du r ing  the p e r i o d  of  r e g e n e r a t -  
i on •
The l a rg e  v a c u o l a r  bod ies  which c o n t a in  v e s i c l e s  are  
b e l i e v e d  to r e p r e s e n t  a form of cy to lysomes .  Cytolysomes 
c o n t a i n i n g  ag g re g a t e s  of v e s i c l e s  were observed in  f o e t a l  
i n t e s t i n a l  e p i t h e l i u m  by Behnke ( 1963a) . Some small  bodies  
may be d e r i v e d  from a l t e r e d  m i to c h o n d r i a ,  a l though t r a n s i t ­
i o n a l  s t a g e s  are  d i f f i c u l t  to f i n d .  Mu1t i v e s i c u 1ar  bod ies  
of  normal appearance  were not  p r e s e n t .
Cytolysomes in  the i n t e s t i n a l  e p i t h e l i u m  appear  to d ev ­
elop w i th  the p r o g r e s s i v e  d e g r a d a t i o n  in to  cytosomes.  This  
p a r a l l e l s  o b s e r v a t i o n s  in  o t h e r  c e l l s  (Glinsmann and 
E r i c s s o n ,  1966; E r i c s s o n  and Glinsmann,  1966; Confer  and 
S t e n g e r ,  1964; E r i c s s o n  and Trump, 1964; E r i c s s o n ,  Trump 
and Weibe l ,  1965; Noviko f f  and Shin ,  19 64; c . f .  de Duve, 
1963).  I t  i s  p o s s i b l e  t h a t  e x t r u s i o n  of cytolysomes in to  
the lumen t akes  p l a c e  as was suggested by Hugon and Borgers  
(1965a) in c ryp t  e p i t h e l i u m  and Swif t  and Hruban (1964) in  
p a n c r e a s .  The m a t e r i a l  seen ex t ruded  in  the c r y p t s  had
2 1 2 .
however,  the  appearance of n e c r o t i c  c e l l s .
The n e c r o t i c  c e l l s  were seen to be i n c o r p o r a t e d  i n to  
the e p i th e l i u m  as phagosomes a f t e r  X - i r r a d i a t  ion by Hugon 
and Borgers  (1966a; b ) . In  our m a t e r i a l  s i m i l a r  i n c l u s i o n s  
appear  in  the r e g e n e r a t i n g  e p i t h e l i u m  and a re  l e s s  complex 
than those  d e s c r ib e d  by these  a u t h o r s .  In c r y p t s ,  d e n s i f i e d  
c e l l s  a re  thought to be e p i t h e l i a l  in  o r i g i n ,  wh i l e  those  
which have a dec reased  d e n s i t y  or a re  d i s i n t e g r a t e d ,  a re  
l i k e l y  to r e p r e s e n t  d egene ra t ed  m ig r a t o r y  c e l l s .  The phago- 
cy tosed  c e l l s  wi th g r anu le s  seem sometimes to be polymorphs.
The appearance of the c ry p t  e p i t h e l i u m  a f f e c t e d  by 
c o a g u l a t i o n  n e c r o s i s  i s  s i m i l a r  to t h a t  seen e l sewhere .  The 
b i b l i o g r a p h y  r e l e v a n t  to t h e  f i n e  s t r u c t u r a l  f e a t u r e s  of 
t h i s  p rocess  was d i s c u s s e d  in  Chapter  3. Our ev idence  sugg­
e s t s  t h a t  l y t i c  n e c r o s i s  w i th  c e l l  d i s i n t e g r a t i o n  i s  more 
f r equen t  in  r e g e n e r a t i n g  e p i t h e l i u m ,  w h i l e  the c o a g u l a t i v e  
n e c r o s i s  i s  seen more commonly in  the c r y p t s .  Whether t h i s  
r e f l e c t s  a c e l l  or  envi ronmental  d i f f e r e n c e  cannot be d e t e r ­
mined. F l a t t e n i n g  of the c r y p t  e p i t h e l i u m  in  the colon 
was observed by F l o r e y  (1960) ,  a f t e r  s t i m u l a t i o n  of  the 
mucosa. In our m a t e r i a l  t h i s  i s  thought  to accompany the 
more severe  changes in  o t h e r  segments of the same c r y p t .  
Ex te n s iv e  n e c r o s i s  of the e p i t h e l i u m  i s  b e l i e v e d  to be the 
r e s u l t  of  i schaemic i n j u r y .  There i s  l i t t l e  tendency to 
cause secondary inf lammat ion  around the a f f e c t e d  c r y p t .
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U n f o r t u n a t e l y  no f i n e  s t r u c t u r a l  o b s e r v a t i o n s  a r e  a v a i l a b l e  
to compare changes where the a l t e r a t i o n s  of the c ryp t  e p i t h ­
el ium are  a s s o c i a t e d  wi th marked exuda t ion ,  as in  " c r y p t  
a b s c e s s e s " .
The comparison of s e q u e n t i a l  s t a g e s  of r e g e n e r a t i o n  
i n d i c a t e s  t h a t  d i f f e r e n t i a t i o n  t akes  p l a c e  w i th  r e g e n e r a t i o n .  
The d o u b l e - 1ayered arrangement  of  c e l l s  du r ing  r e g e n e r a t i o n  
may be taken as evidence of h y p e r p l a s i a  and sugges t s  unco­
o r d i n a t e d  m i t o t i c  a c t i v i t y  in  the r e g e n e r a t i n g  e p i t h e l i u m .  
H y p e r p l a s i a  i s  reduced a t  l a t e r  s t a g e s ,  by d e g e n e ra t i o n  and 
n e c r o s i s  of  c e l l s .  Ce l l  n e c r o s i s  in  h y p e r p l a s t i c  r e g e n e r a t ­
ing e p i t h e l i u m  does not n e c e s s a r i l y  r e p r e s e n t  a " p a t h o l o g i c a l  
p r o c e s s " .  Evidence  i s  now a v a i l a b l e  t h a t  c e l l  d e a th  has 
a genera l  s i g n i f i c a n c e  in  normal morphogenesis  d u r in g  f o e t a l  
development  ( see  Saunders  and F a l l o n ,  1966).
A c l e a r  s i gn  of d i f f e r e n t i a t i o n  is the r e s t o r a t i o n  of 
p o l a r  o r g a n i s a t i o n  and development of s u r f a c e  s p e c i a l i s a t i o n s  
in  r e g e n e r a t i n g  e p i t h e l i u m .
I n t e r c e l l u l a r  adhes ion is a f e a t u r e  of e p i t h e l i a l  r e g e n ­
e r a t i o n .  I n t e r c e l l u l a r  spaces which a re  p r e s e n t  a t  e a r l y  
s t a g e s ,  appear  to be the r e s u l t  of abnormal c e l l  shape.
Adhesion i s  an impor tan t  f a c t o r  in  d i f f e r e n t i a t i o n  (Mercer ,  
1965; Saxen and f a r t i o v a a r a ,  1966; Moscona, 1962; Weiss ,  
I960) .  The r e l a t i o n s h i p s  of c e l l s  of the r e g e n e r a t i n g  i n t e s ­
t i n a l  e p i t h e l i u m  a re  complex. I t  i s  p o s s i b l e ,  however,  to
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compare them wi th  r e l a t i v e l y  s imple  systems as s t u d i e d  by 
Mercer  (1965) .  P r i m i t i v e  c e l l  c o n t a c t s  and desmosomes a re  
formed at  s t ages  where t h e r e  i s  no p o l a r  o r i e n t a t i o n  of 
c e l l s ,  sugges t ing  t h a t  c e l l  s t a b i l i s a t i o n  occurs  b e fo r e  
f u r t h e r  d i f f e r e n t i a t i o n ,  s i m i l a r l y ,  as p o s t u l a t e d  by Saxen 
and W ar t i ovaa ra  (1966) .  There i s  a tendency to s e a l i n g  of  
the i n t e r c e l l u l a r  spaces between r e g e n e r a t i n g  e p i t h e l i u m  as 
measured by e l e c t r i c a l  means in  u r o d e l l e  epidermis  
(Loewenstein  and Penn,  1967).  The development of c e l l  p o l ­
a r i t y  i s  a s s o c i a t e d  w i th  t h e  format ion  of  j u n c t i o n a l  com­
p le x e s  and m i c r o v i l l i .  The i r r e g u l a r  arrangement  of the 
components of the j u n c t i o n a l  complex may r e s u l t  from move­
ment of c e l l s  du r ing  t h e i r  f o rma t ion .  The development  of 
m i c r o v i l l i  sugges t s  t h a t  the  fo rma t ive  s t i m u l u s  ac t  p r im­
a r i l y  upon the plasma membrane s in c e  the core  s t r u c t u r e  
appears  r e l a t i v e l y  l a t e .  T h i s  sequence i s  s i m i l a r  to t h a t  
observed in normal ch icken  f o e t a l  i n t e s t i n e  (Overton and 
Shoup, 1964) .
The s t i m u l i  which de t e rmine  the p o l a r  o r g a n i s a t i o n  of  
e p i t h e l i a l  c e l l s  cannot  be a s c e r t a i n e d  from s t a t i c  o b s e r ­
v a t i o n s .  Contac t  with the lumen, r e s u l t i n g  in  an e n v i r o n ­
mental  d i f f e r e n c e  i s  sugges ted  as a f a c t o r  inducing c e l l  
p o l a r i t y  (Wolpert  and Mercer ,  1963; Saxen and W ar t i o v a a r a ,  
1 9 6 6 ) .
An inadequa te  envi ronmenta l  d i f f e r e n c e  r e s u l t i n g  from the
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lirni. Led area of contact with further cells may account for 
the lack of differentiation in cells of the advancing edge.
The appearance suggests activity associated with movement, 
Vaughan and Trinkaus (1966) demonstrated that adhesion of 
cells of the free edge of epithelial sheets in vitro to the 
substrate is an important factor in their spread. Plasma 
membrane activity is greatest at the top of the outgrowth.
The movement of epithelial sheets over a denuded basement 
membrane may be similar.
The tips of narrow villi which show complete reepithel- 
isation after eight hours of recirculation, are lined by 
cells showing more advanced signs of differentiation than 
those seen on the lateral side. This suggests that differ­
entiation of apical cells follows the establishment of 
polarity associated with the joining of the most advanced 
cells.
Synechiae or bridges are formed by the adhesion of 
epithelial cells of adjacent villi. They are thought to 
be formed at early stages, which lack polarity. The arrange­
ment of the cells around the bridge suggests that it per­
sists for some time. Signs of degeneration in cells forming 
the bridges suggest their regression. Whether some bridges 
disappear by stretching during the epithelial advance is 
difficult to decide. The hyperplastic spur-like foci are 
sometimes difficult to distinguish from epithelial sheets 
shed in toto. This may be the result of specimen preparation.
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The d i f f e r e n t i a t i o n  of r e g e n e r a t i n g  gob le t  c e l l s  i n  the  
e p i t h e l i u m  i s  thought  to i n d i c a t e  t h a t  t hese  do not  have an 
o r i g i n  which i s  s e p a r a t e  from t h a t  of o t h e r  e p i t h e l i a l  
c e l l s  ( c . f .  Freeman, 1966).
A r g e n t a f f i n  c e l l s  in  r e g e n e r a t i n g  e p i t h e l i u m  a re  r a r e  
and d i s c u s s i o n  i s  d i f f i c u l t ;  i t  i s  p e r t i n e n t  to n o t e ,  
however,  t h a t  the e x t e n s i v e  development  of cy toplasmic  f i l a ­
ments i s  not  seen in  o t h e r  r e g e n e r a t i n g  c e l l s .
The apparent  expansion of i n t e r c e l l u l a r  spaces seen a t  
l a t e r  s t a g e s  of r e g e n e r a t i o n  seemingly throws some doubt  
as  to the  importance of c e l l  a dh e s i o n  in  t h e  d i f f e r e n t i a t ­
ion of  the e p i t h e l i u m .  D i l a t a t i o n  of i n t e r c e l l u l a r  spaces 
occur s  in  v i l l i  where the r e e p i t h e l i s a t  ion i s  comple te .  At 
the same t ime,  inf lammat ion  i s  s t i l l  p r e s e n t  in  the lamina 
p r o p r i a .  I t  i s  thought  t h a t  i n t e r c e l l u l a r  spaces r e s u l t  
from exudat ion  and damming of f l u i d  in  the e p i t h e l i a l  shee t  
and t h a t  e a r l i e r  the denuded s u r f a c e  does not  impede the 
escape of  f l u i d .  In  r a b b i t  g a l l  b l a d d e r  e p i t h e l i u m ,  a r e l ­
a t i o n s h i p  between the appearance  of i n t e r c e l l u l a r  spaces 
and f l u i d  t r a n s p o r t  dur ing  a b s o r p t i o n  was demons t r a t ed .
These spaces r e s u l t e d  from an accumula t ion  of f l u i d  between 
two b a r r i e r s  (Kaye, Wheeler ,  Whi t lock  and Lane,  1966).  I t  
i s  b e l i e v e d  t h a t  they appear  a l so  when the  d i r e c t i o n  of f l ux  
i s  r e v e r s e d .  Gros s ly  d i l a t e d  i n t e r c e l l u l a r  spaces ,  s i m i l a r  
to those  seen in  our o b s e r v a t i o n s ,  were d e s c r i b e d  in
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u l c e r a t i v e  c o l i t i s  (GonZa l e z - L i c e a  and Yard l ey ,  1966).
These were i n t e r p r e t e d  as a n o n - s p e c i f i c  r e a c t i o n  to c e l l  
i n j u r y  by the  a u th o r s .  I t  i s  p o s s i b l e  t h a t  exuda t ion  due 
to the p re s e n c e  of inf lammat ion  was the cause  of these  d i l ­
a t i o n s .  The p o s s i b i l i t y  t h a t  d i l a t e d  spaces r e p r e s e n t  f l u i d  
a b s o r p t i o n  i s  thought  u n l i k e l y .
Another e x p l a n a t i o n  to be cons ide red  i s  t h a t  the spaces 
r e s u l t  from an i n s u f f i c i e n t  volume of  the cytoplasm of c e l l s  
a f t e r  t h e i r  r e o r i e n t a t i o n .
Lamina p r o p r i a :
The r ap id  d i s i n t e g r a t i o n  of n e c r o t i c  t i s s u e  which l e aves ,  
i n  p l a c e s ,  only  membranous d e b r i s ,  seems to be a s s o c i a t e d  
w i th  the l y t i c  a c t i o n  of i n t e s t i n a l  c o n t e n t s .
The c h a r a c t e r i s t i c  appearance  of the v e s s e l s  in  n e c r o t i c  
zones appears  to r e s u l t  from i n t r a v a s c u l a r  haemolys i s .  
Fragments  of  dense  m a t e r i a l  i ncom ple t e ly  surrounded by mem­
branes  a re  s i m i l a r  in  appearance  to the  damaged and lysed 
e r y t h r o c y t e s  of  o t h e r  t i s s u e s  ( e . g .  R i f k i n d ,  1966; 1965).
The p resence  of l a r g e  numbers of membranous fo rmat ions  i n  
our m a t e r i a l  sugges t s  tha t  many a r e  newly formed from the 
1i p r o p r o t e i n s  of e r y t h r o c y t e s .  Some of th e s e  p a i r e d  membranes 
p o s s i b l y  r e p r e s e n t  t u b u l a r  e x t r u s i o n s ,  demons t ra ted  by neg­
a t i v e  s t a i n i n g  a f t e r  osmotic haemolys is  (Dourmashkin and 
Rossp, 1966; Baker ,  1964).  S e c t i o n  geometry sugges t s  t h a t  
some fo rmat ions  a r e  f l a t .  The p o s s i b i l i t y  t h a t  " s p h e r u l e s ”
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a r e  formed from e r y t h r o c y t e s  i s  i n d i c a t e d  by the s i m i l a r i t y  
i n  d e n s i t y  of t h e i r  c o n t e n t s  and s p a t i a l  r e l a t i o n s h i p .
These " s p h e ru l e s "  a p p a r e n t l y  r e s u l t  from e r y t h r o c y t e  f r a g ­
m en ta t i on  ( see  Weed and Reed,  1966).  V a r i a t i o n s  in  the 
degree  of  haemolys is  may account  fo r  the v a r i a t i o n  in  den ­
s i t y  of  the " s p h e r u l e s " .  I t  i s  l i k e l y  t h a t  a r a p i d  d e s t r u c t ­
ion of e r y t h r o c y t e s  in  n e c r o t i c  t i s s u e  r e s u l t s  from the a c t ­
ion  of s u r f a c e  a c t i v e  subs tances  e i t h e r  p r e s e n t  in  the 
i n t e s t i n a l  c o n t e n t s  or  r e l e a s e d  from n e c r o t i c  t i s s u e .
Signs of r ecen t  c e l l  n e c r o s i s  in  the  zone of inf lammat­
ion  sugges t  t h a t  t he re  i s  a secondary a l t e r a t i o n  due to t h i s  
p r o c e s s .  A de layed  c e l l  dea th  a s s o c i a t e d  wi th  o r i g i n a l  
i n j u r y ,  seems l e s s  l i k e l y .
Vascu la r  changes i n  the zone of inf lammat ion  a re  s i m i l a r  
to those d e s c r i b e d  e l sewhere  (Majno, 1964; Co t ran  and 
Majno, 1964; Marches i ,  1964).  The r e a c t i o n  of some v e s s e l s  
may r e p r e se n t  a de layed  response  (Cot ran ,  1965).  This  could 
not be dec ided  in  the  case of g u t ,  s i nce  i n j u r y  i s  not 
e x a c t l y  d e f i n e d  in  time* The v a r i a b l e  degree  of a l t e r a t i o n  
of  t h e i r  c e l l s  sugges t s  t h a t  t h e r e  i s  a combinat ion  of  d i r e c t  
and media ted  i n j u r y  to the  v e s s e l s  (Cot ran  and Majno, 1964).  
Severe  damage to the c a p i l l a r i e s  was a lmost  i n v a r i a b l y  a s s o c ­
i a t e d  w i th  th rombos i s .  The c a p i l l a r y  damage i n d i c a t e s  a 
d i r e c t  v a s c u l a r  i n j u r y  (Cotran and Majno, 1964; Ham and 
Hur ley ,  1965).  M ic ro tu b u le s  seen in  p l a t e l e t  agg rega t e s  a r e
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components of thrombocytes (Behnke, 1965). Inclusion of 
platelets within the cells of the endothelium as described 
by Marchesi (1964) was not observed. Occasionally the 
endothelial cells seem to surround the platelets.
The large caveolae and vesicles in apparently normal 
capillaries may not be related to inflammatory changes but 
rather to transitory ischaemia. Moore (1959) described an 
increased number and size of pinocytotic vesicles in muscle 
capillaries following tourniquet ischaemia. The variations 
of normal pinocytotic activity makes the appreciation of 
this change difficult in our material.
The appearance of the endothelium in the base of oedem- 
atous villi is thought to be associated with their prolifer­
ation. This was described in regenerating capillaries by 
Schoefl (1963; 1964) but only some features appear to be
similar. Because of sampling difficulty more material needs 
to be examined to establish the character of this change.
Gaps between endothelial cells of lymphatic vessels 
which communicate with surrounding tissue were described in 
inflammation by Casley-Smith (1964).
Some aspects of the coagulation necrosis of plasma cells 
have been discussed in Chapter 3. Variations in their appear­
ance indicate different stages of necrosis and degradation. 
Mitochondrial swelling is seen before the cells become phago- 
cytosed and vesiculation of the endoplasmic reticulum occurs
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l a t e r ,  b u t  a n y  t i m e  s e q u e n c e  i s  d i f f i c u l t  t o  e s t a b l i s h .  
T r a n s i t i o n a l  s t a g e s  i n  t h e  d e g r a d a t i o n  o f  p h a g o c y t o s e d  
p l a s m o c y t e s  o c c u r ,  w h i c h  i n d i c a t e  t h a t  i n c l u s i o n s  c o n s i s t ­
i n g  o f  c o a r s e  p a r t i c l e s  a n d  m e m b r a n e s  may r e s u l t  f r o m  t h i s  
p r o c e s s .  T h e  p l a s m o c y t i c  o r i g i n  o f  t h e s e  i n c l u s i o n s  i s  
n o t  a l w a y s  o b v i o u s .  T h e  c o a r s e  p a r t i c l e s  s eem t o  b e  d e r i v e d  
f r o m  r i b o s o m e s ,  b u t  t h e  mode  o f  t h e i r  f o r m a t i o n  i s  n o t  
c l e a r .  S i m i l a r  f o r m a t i o n s ,  c o n s i s t i n g  o f  m e m b r a n e s  a n d  
d e n s e  c o a r s e  p a r t i c l e s  w e r e  c o n t a i n e d  i n  c y t o l y s o m e s  o f  
p a n c r e a t i c  e x o c r i n e  c e l l s  ( W e i s b l u m ,  H e r m a n  a n d  F i t z g e r a l d ,  
1 9 6 2 ;  V o l k ,  W e l l m a n n  a n d  Lewi  t a n ,  1 9 6 6 ) .  T h e s e  o r i g i n a t e d  
f r o m  d e g r a d a t i o n  o f  t h e  e n d o p l a s m i c  r e t i c u l u m  a n d  i t  i s  
t h o u g h t  l i k e l y  t h a t  d e g r a d a t i o n  i n  p l a s m a  c e l l s  r e s u l t s  i n  
a  s i m i l a r  a p p e a r a n c e .
C y t o l y s o m e s  i n  s u r v i v i n g  p l a s m a  c e l l s  h a v e  n o t  b e e n  
d e s c r i b e d  so  f a r .
The  p o l y m o r p h s  a n d  m a c r o p h a g e s  w h i c h  i n f i l t r a t e  t h e  
r e m n a n t s  o f  n e c r o t i c  t i s s u e  show a  f ew f e a t u r e s  w h i c h  w i l l  
b e  d i s c u s s e d .  T h e  f u s i o n  o f  g r a n u l e s  w i t h  p h a g o s o m e s  i s  a  
p r o c e s s  w h e r e b y  t h e r e  i s  r e l e a s e  o f  l y s o s o m a l  e n z y m e s  i n t o  
p h a g o s o m e s  ( Z u c k e r - F r a n k l i n  a n d  H i r s c h ,  1 9 6 4 ;  H o r n ,  S p i c e r  
a n d  W e t z e l ,  1 9 6 4 ) .  T h e  a p p e a r a n c e  o f  e m p t y  s p a c e s  i n  t h e  
c y t o p l a s m  o f  p o l y m o r p h s  a n d  t h e  d e c r e a s e  o f  g r a n u l e s  i s  
t h o u g h t  t o  b e  a  d e g e n e r a t i v e  c h a n g e .  T h e  o c c u r r e n c e  o f  e m p t y  
s p a c e s  a nd  o t h e r  g r o s s  a l t e r a t i o n s  h a s  b e e n  d e s c r i b e d  a f t e r
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the a c t i o n  of  s t r e p t o l y s i n  i n  d e g r a n u l a t e d  polymorphs 
( Z u c k e r - F r a n k l i n ,  1965).  The d i f f e r e n c e  in  appearance  may 
be accounted  fo r  by exper imenta l  c o n d i t i o n s  and s p e c i e s .
The rounded shape of  pykno t i c  n u c l e a r  segments in  
polymorphs sugges t s  t h a t  t hese  behave l i k e  l i q u i d s ,  a t  
l e a s t  a t  the t ime of  t h e i r  fo rma t ion .
The r e l e a s e  and d i s i n t e g r a t i o n  of g r an u le s  was sugges­
ted to be p o t e n t i a l l y  s i g n i f i c a n t  in  c e l l  and t i s s u e  
i n j u r y  (Hi r sch  and Cohn, 1964),  but  t h i s  i s  d i f f i c u l t  to 
fol low wi th  t h i s  m a t e r i a l .
P r o g r e s s i v e  d e g r a n u l a t i o n  of mast c e l l s  t akes  p l a c e  
and i s  s i m i l a r  to t h a t  d e s c r i b e d  e l sewhere  ( see  Bloom and 
Haegermark,  1965).  Signs  of  g r anu le  e x t r u s i o n  were not  seen 
and i t  could not  be dec ided  whether  a s s o c i a t e d  cy top la smic  
damage i s  on ly  due to d e g r a n u 1 a t i o n .
Some changes a re  apparen t  in  smooth muscle  c e l l s  of  the 
lamina p r o p r i a  and t u n i c a  m u s c u l a r i s .  Cytolysomes a re  
observed in  both  l o c a t i o n s  which have not  so f a r  been d e s ­
c r i b e d .  Abnormal p i n o c y t o t i c  v e s i c l e s  and vacuo le s  in  the 
t u n i c a  m u s c u la r i s  may be the r e s u l t  of  hypoxia .  P i n o c y t o t i c  
vacuo les  a s s o c i a t e d  wi th  hypoxia  were d e s c r i b e d  in  l i v e r  by 
Oudea (1963) .  Vacuole fo rma t ion  in  the  smooth muscle c e l l s  
of the t u n i c a  m u s c u l a r i s  appea rs  to be d e l a y e d ,  be ing most 
prominent  a f t e r  4-8 hours  of  r e c i r c u l a t i o n .  The more severe  
a l t e r a t i o n s  of  smooth muscle c e l l s  in  the  lamina p r o p r i a  a re  
b e l i e v ed  to be due to secondary  f a c t o r s .
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The degree of change in ganglion cells and nerve fibres 
suggests that the sensitivity of autonomic plexuses to 
oxygen deprivation is not high.
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CHAPTER 8
FINE STRUCTURE OF SMALL GUT DURING ISCHAEMIA 
AND REPAIR OF ISCHAEMIC INJURY I I I ;
THE RESIDUAL PHASE.
T h e  r e s i d u a l  p h a s e  c o m p r i s e s  t h e  c h a n g e s  w h i c h  o c c u r  
a f t e r  c o m p l e t i o n  o f  t h e  r e e p i t h e l i s a t i o n .  T h e  e v e n t s  w h i c h  
f o l l o w e d  r e e p i t h e l i s a t i o n  a f t e r  8 h o u r s  o f  r e c i r c u l a t i o n ,  
w e r e  f o r  t h e  s a k e  o f  c o n t i n u i t y  a n d  r e l a t i o n s  d e s c r i b e d  i n  
C h a p t e r  7 .  I n  t h i s  c h a p t e r  c h a n g e s  s e e n  f r o m  16 h o u r s  o f  
r e c i r c u l a t i o n  o n w a r d s  a r e  d e s c r i b e d .
T h e  e p i t h e l i u m :
T h e  e p i t h e l i u m  sh o w s r e s t o r e d  p o l a r i t y  a n d  h a s  r e t u r n e d  
t o  a  n o r m a l  s i n g l e - l a y e r  a r r a n g e m e n t .  T h e  m axim um  h e i g h t  o f  
t h e  e p i t h e l i u m  n e a r  t h e  t o p  o f  t h e  v i l l u s  w a s  f o u n d  t o  b e  
a p p r o x i m a t e l y  16 u  a f t e r  16 h o u r s  a n d  b e t w e e n  2 8 - 3 0  u  a f t e r  
48 h o u r s .  T h e  o r i e n t a t i o n  a n d  h e i g h t  o f  t h e  c e l l s  show  som e 
m i n o r  v a r i a t i o n s  h e n c e  t h e  s u r f a c e  o f  t h e  e p i t h e l i u m  f o r m s  
u n d u l a t i o n s  and  t h e  l a t e r a l  o u t l i n e s  o f  t h e  c e l l s  a r e  o f t e n  
d i f f i c u l t  t o  t r a c e .  M i c r o v i l l i  o f  t h e  b r u s h  b o r d e r  a r e  
b e t w e e n  0 . 4 5  u - O . 8 5  u  i n  h e i g h t  w i t h  o v e r l a p p i n g  m e a s u r e m e n t s  
a t  16 a n d  24 h o u r s .  A f t e r  48  h o u r s  t h e  m i c r o v i l l i  a r e  m o r e  
t h a n  1 u  i n  l e n g t h .  T h e i r  r e g u l a r i t y  i n c r e a s e s  i n  p r o p o r t i o n  
t o  t h e i r  l e n g t h .  N o r m a l  j u n c t i o n a l  c o m p l e x e s  a r e  p r e s e n t .  
Some d e s m o s o m e s  a r e  d i s s o c i a t e d .  I n t e r d i g i t a t i o n s  o f  t h e  
l a t e r a l  p l a s m a  m e m b ra n e s  a r e  c o n s i s t e n t l y  s e e n .  A t  16 h o u r s
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these appear to be less we11-developed than normal. Some­
times they are compressed by an expanded intercellular space 
underneath to form highly convoluted structures. Dilatation 
of the intercellular spaces occurs constantly. The degree 
of dilatation decreases from apex to the base of the villus. 
Extreme expansion is frequently seen between infranuclear 
portions of the enterocytes (Fig. 147). These form long 
processes which spread along the basement membrane and touch 
one another; gaps are small. Interdigitating cell processes 
traverse dilated spaces forming an irregular network (Fig. 
149b). Between the upper portions of the cells, the spaces 
frequently have the appearance of very large vacuoles, which 
may lie close to the surface (Fig. 148). The extracellular 
spaces contain fine filamentous precipitates and fat drop­
lets. Some particles, also presumably fat, are of irregular 
shape.
The microvillous filaments, rootlets and terminal web 
are of a normal appearance. Some caveolae and vesicles, 
30-40m u in diameter are present in the region of the term­
inal web. Smooth surfaced vesicles about lOOm u in diameter, 
are frequent in the supranuclear cytoplasm of some cells and 
contain fat droplets (Fig. 148). Very rarely vesicles show 
a few attached ribosomes. Very few fat-containing vesicles 
are seen in the region of the terminal web. Fat droplets 
accumulate within dilated cisternae of the Golgi complex.
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Some vesicles are situated near the dilated intercellular 
space, but the signs of fat discharge were not seen (Fig. 
148). Some cells only contain droplets within the dilated 
Golgi cisternae. Coated vesicles, derived from the Golgi 
complex, are frequent in some cells.
Free ribosomes are numerous. The cisternae of the 
endoplasmic reticulum are narrow and irregularly orientated 
and attached ribosomes are not evenly distributed. The 
amount of the endoplasmic reticulum and vesicular profiles 
after 16 and 24 hours of recirculation is less than in 
normal enterocytes. The reduction is most apparent in the 
supranuclear cytoplasm (Fig. 148). A more developed endo­
plasmic reticulum which was almost normal in appearance, 
was seen in animal examined after 48 hours.
Mitochondria are irregular in shape and size. They are 
more numerous in the intranuclear cytoplasm. The cristae 
are orientated irregularly and a uniform increased density 
of the mitochondrial matrix constantly occurs (Fig. 149b).
The outlines of nuclei are frequently indented and peri 
pheral condensations of chromatin are more prominent than 
in normal enterocytes.
Many cells show signs of incipient differentiation into 
goblet cells similar to that described in Chapter 7. Fully 
developed goblet cells are also frequent. The nuclei of 
the crypt epithelium frequently contain abnormally large or
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multiple nucleoli. Mitotic figures appear normal. Alterat­
ions of cytoplasmic organelles are rare.
Lamina propria!
The cores of the apical segments of the villi have very 
wide intercellular spaces. Cells are separated and contact 
one another by means of the processes. The spaces may 
appear empty. Usually, however, they contain a finely 
precipitated substance of low density, which shows variat­
ions in degrees of condensation. The presence of this sub­
stance makes the outer aspect of basement membranes less 
distinct (Fig. 147). The bundles of collagen fibrils are 
usually separated. Debris occurs in some places in small 
amounts. The space beneath the epithelial basement membrane 
is frequently free of cells and only a precipitated sub­
stance with some collagen separates the basement membrane 
of capillaries and the epithelium. Particles of lipid 
similar to those seen between the epithelium are present in 
small amounts.
Polymorphs, eosinophils and macrophages infiltrate the 
oedematous areas in some places (Fig. 150). All macrophages 
are loaded with phagosomes of polymorphous appearance.
These often contain the granules of eosinophilic leucocytes. 
Other cells in this zone are poorly differentiated. Cells 
similar to the "clear fibrob 1 ast-1 ike cel 1 s" described in the 
normal intestine are frequent (Fig. 151a). Their shape is
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irregular and some show disruption of processes. The number 
of free ribosomes in these cells seems to be increased and 
Golgi vesicles are numerous. Large fat droplets constantly 
occur in the cytoplasm. Mitochondria show frequent arti- 
factual defects. Rarely other cell types are seen in the 
oedematous areas. Plasmocytes are absent. Usually cap­
illaries and venules are dilated but occasional capillaries 
are narrow. The endothelium in capillaries is slightly 
thicker than normal; fenestrae occur irregularly. Most 
endothelial cells are surrounded externally by debris which 
consists of membranes and erythrocyte spherules (Fig. 151b). 
The basement membrane in these places is absent or poorly 
developed. A few thrombosed capillaries with defects of 
the endothelium are present.
The degree of oedema decreases towards the base of the 
villus. Abnormally dilated lacteal vessels in this zone 
are lined by a flat endothelium of normal appearance.
The base of the villi and adjacent areas of the lamina 
propria have a compact appearance. This zone contains many 
macrophages similar to those described in the previous 
chapter. The plasma cells contain occasional cytolysomes.
In places, small areas of disintegrating cells and debris 
occur. Blood and lymphatic vessels have a normal appearance 
but a few endothelial cells show a strikingly increased 
density of the cytoplasm. The smooth muscle cells contain
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slightly dilated cisternae of the endoplasmic reticulum.
Most of the cells in the basal areas of the lamina propria 
ar e norma1.
Di scus si on:
Progressive differentiation takes place after completion 
of reepithelisation. An increase in the length of villi 
occurs and is seen under the light microscope.
The complete restoration of the cell and brush border 
seems to vary in individual villi and significant values 
cannot be obtained without large scale sampling.
The development of the terminal web is associated with 
the increase in number and regularity of the microvilli and 
suggests the same formative influence. On the other hand 
the presence of microvilli may hypothetically induce terminal 
web formation. It is of interest that development and alter­
ation of these structures, proceeds in parallel. Differ­
entiation of the internal cell structure is incomplete at 
16 and 24 hours. The increase in quantity of the endoplasmic 
reticulum lags behind the increase in cell volume. Many 
cells contain fat droplets which resemble those associated 
with normal fat absorption, though the membranes of the 
vesicles which contain fat, are almost invariably smooth.
Fat-containing vesicles in the terminal web are few and seem 
to be different from invaginations of the plasma membrane.
The mechanism of fat transport into the intercellular
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spaces is uncertain. Some fat droplets apparently pass 
through the basement membrane. Their further path through 
the extremely voluminous extracellular space, is difficult 
to trace.
According to a few reports density of the mitochondrial 
matrix increases with functional activity (Farquhar and
(I
Rinehart, 1954; Hess and Staubli, 1963). If this is the 
case in the intestine an increase in mitochondrial matrix 
density may be associated with the evolution of absorptive 
capacity. The "ballooning" of many intercellular spaces 
suggests that these are under pressure. A comparison with 
the preceding stage shows that the spaces increased in size. 
Fluid loss associated with abnormalities of vessels in the 
villi is thought to be the explanation.
The lamina propria:
The formation of extremely wide intercellular spaces 
may be due to a previous cell loss and oedema. There is no 
solid framework, like fibrin, present in significant amounts, 
to support the migration of mesenchymal cells. Collagen 
and the residues of necrotic capillaries which are left, do 
not appear to subserve this function. It is not however 
known where proliferation of mesenchymal cells takes place.
The presence of large numbers of "clear" mesenchymal 
cells in apical areas of newly-formed villi, seems to indic­
ate that these cells are young fibroblasts or transitional
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e lements  between r e t i c u l u m  c e l l s  and f i b r o b l a s t s  as sugges ted  
in  Chap te r  3.
The appearance of c a p i l l a r i e s  may be exp la ined  by mig­
r a t i o n  of e n d o t h e l i a l  c e l l s  i n s i d e  the o r i g i n a l  lumen. I t  
can be argued tha t  a s i m i l a r  appearance  may r e s u l t  from 
escape of e r y t h r o c y t e  d e b r i s  from the  v e s s e l s  a t  a p r eced ing  
inf lammatory s t a g e .  This  i s  u n l i k e l y .  Debr i s  in  s i m i l a r  
amounts i s  only a s s o c i a t e d  w i th  the  e n d o t h e l i a l  d i s i n t e g r a t ­
ion .  Moreover,  a massive l e a k in g  of the d e b r i s  was not 
found .
The format ion of new c a p i l l a r i e s  was not  seen.  C a p i l l a r y  
ou tgrowth does not occur  u n l e s s  a s o l i d  s u b s t r a t e  i s  a v a i l ­
ab l e  (Chalkey,  A l g i r e  and M o r r i s ,  1946; F u l t o n ,  P a r s h l e y  
and Simms, 1949).  The r o l e  of o t h e r  f a c t o r s  ( see  S c h o e f l ,  
1964) cannot  be de termined by morphology.
The d i s t e n s i o n  of lymphat ic  v e s s e l s  i s  a p p a r e n t l y  f u n c t ­
iona l  and appears  to be r e l a t e d  to oedema. The changes in  
the base  of the v i l l i  a re  thought  to be a s s o c i a t e d  wi th
i n f 1ammation
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CHAPTER 9
FINE STRUCTURE OF THE MUCOSA OF SMALL GUT 
DURING ACUTE OCCLUSION, CHRONIC STENOSIS 
OF THE PORTAL VEIN AND ACUTE ILEUS.
Many conditions bring about changes of the intestinal 
circulation. It was thought to be of interest if a compar­
ison of the fine structural changes associated with acute 
intestinal ischaemia was made, with those in which the 
circulatory disturbance had a different character. The con­
ditions examined were acute occlusion, chronic narrowing of 
the portal vein and acute intestinal obstruction.
METHODS
White adult rats of both sexes were used. The animals 
were deprived of food 24 hours prior to killing. All oper­
ative procedures were done using ether anaesthesia. The 
upper third of the ileum was examined.
Acute portal occlusion was produced by clamping the 
portal vein near to its origin. Animals were examined after 
30 minutes and one hour of occlusion (one at each interval). 
Another animal was examined after 2 hours of recirculation, 
which followed one hour of occlusion.
A silk ligature in the middle of the length of the portal 
vein was applied to narrow its diameter to approximately one 
half. Two animals were examined 50 days after operation.
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Acute intestinal occlusion was produced by double lig­
ature of the ileum, about 3-4 cm above the ileocaecal valve, 
care being taken to avoid vessel damage. Animals were 
examined 3, 4 and 6 days after operation, one at each period,
RESULTS AND DISCUSSION
Occlusion of the portal vein:
The characters of the changes following occlusion of 
the portal vein are generally similar to that seen after 
arterial occlusion though they are less extensive. After 
one hour, only a few enterocytes and mesenchymal cells are 
disintegrated. Some enterocytes show a striking swelling 
of the apical cytoplasm above the terminal web. The swollen 
area is traversed by elongated rootlets (Fig. 152a). Micro­
villi are shortened and in places, these disappear and the 
cytoplasm protrudes. Microvillous filaments may be incorpor­
ated into or pushed aside at the base of the protrusion.
This suggests that the microvilli are incorporated inside 
the cell by swelling of the cytoplasm and that the plasma 
membrane between their bases shifts upwards; the elongat­
ion of rootlets is only relative. Protrusions are formed 
after the whole length of the microvillus has been incorpor­
ated into the cell. A similar transposition of the plasma 
membrane may be seen above the tight junction which becomes
invaginated (Fig. 152b). These changes cause the loss of 
the brush border. Their frequency is thought to be the
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result of the slower progress of changes which follow ven­
ous occlusion than those which follow arterial occlusion.
In some crypts there is an extensive loss of microvilli 
which appear to be fragmented and shed into the lumen (Fig. 
153a)o Increased numbers of cytosomes are seen beneath the 
abnormal cell apex. A crystalline material similar to that 
seen in normal animals may be present in large amounts in 
the crypt lumen (Fig. 153b).
The altered lamina propria contains numerous scattered 
erythrocytes and small areas of haemorrhage. Distension of 
the capillaries may be extreme (Fig. 154b). The diaphragms 
of fenestrae are continuous while the basement membrane dis­
appears. The endothelial cytoplasm is usually dense (Fig. 
154a). Erythrocytes which escape through the vessel wall 
are partially surrounded by stretched and fragmented endo­
thelial cells and basement membrane (Fig. 154c). This change 
apparently reflects increased intravascular pressure. 
Aggregates of platelets are frequent in vessels but no gaps 
were observed in the endothelium (Fig. 154a). Spherules 
and membranes derived from erythrocytes are present and may
be separated from the endothelium by a gap, measuring 
o100-200A in width. There is continuity of the paired mem­
branes with erythrocytes or their fragments.
Single extravasated erythrocytes occur between the cells 
and collagen fibres. Some were seen within crypt epithelium
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or crypt lumen. No membranes derived from extravasated 
erythrocytes were seen. The structures which surround 
erythrocytes show very little distortion.
Two hours after declamping the portal vein most cells 
appear normal. Numerous erythrocytes become phagocytosed•
The less severe changes associated with portal occlus­
ion do not seem to be correlated with the condition of the 
animals which is more serious than that after artery occlus­
ion. Khanna (1959) observed after ligation of superior 
mesenteric vein, changes similar to those following arterial 
occlusion. The former were also associated with more severe 
general alteration. The difference is explained in terms 
of alterations of the total blood volume.
Acute i1eus. An increase in the number of inclusion 
bodies was observed in acute ileus. Those which occur in 
enterocytes after three days of occlusion have the appear­
ance of large irregular vacuoles which contain small vesicles 
oabout 300-500A in diameter (Fig. 155a). Dense bodies and 
some membranes may be present. Other inclusions are smaller 
and have a condensed appearance. The Golgi complex is dil­
ated. After 6 days, similar inclusions rarely occur. 
Enterocytes show, however, a disorganisation and vesiculation 
of the endoplasmic reticulum. In some moderately swollen 
mitochondria a dense abnormal substance which forms clumps
about 30-100m u in diameter is present (Fig. 156c). Occas­
ional mitochondria are enlarged and very dense. Cytosomes
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are numerous. Extrusion of the enterocytes is frequently 
seen.
After 6 days of obstruction, the intercellular spaces 
between enterocytes in the apical region of the villi are 
grossly dilated.
The appearance of the lamina propria varies. After 
three days the arrangement remains compact. At this stage, 
dilated lacteal vessels were observed with abnormally dense 
contents. The outlines of the endothelium may be uneven and 
some cells show abnormally electron-lucent cytoplasm.
Numbers of caveolae and pinocytotic vesicles, many of which 
are coated are present and their contents are frequently of 
a density similar to the material in the lumen or to that 
seen in the narrow gap between the endothelium and other 
tissue components (Fig. 155b). Other cell changes are com­
parable to those seen at the 4th and 6th days of intestinal 
occlusion. At this stage, a wide dilatation of extracellular 
space appears, (Fig. 156a). Dilatation also affects the 
capillaries and venules and may be extreme. The number of 
macrophages is increased. These contain many large (2-5 u) 
inclusions, which mostly consist of twisted membranes rather 
evenly distributed in a moderately dense matrix. In some 
cells the inclusions are polymorphous. The Golgi complex 
of these cells is extensive. The endoplasmic reticulum may 
be dilated. The reticulum cells and clear fibroblast-1ike 
cells contain numerous cytosomes. Other cells show free
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lipid droplets. In clear cells, however, some large fat 
droplets appear which are situated in the lumen of the endo­
plasmic reticulum (Fig. 157). Segments of membrane about 
o60A thick separated by a gap of approximately the same 
thickness are seen around these droplets. Other cells show 
an increased amount of the endoplasmic reticulum which 
forms sinuous cisternae and multiple stacks of Golgi cister- 
nae with associated vesicles.
The endothelium of venules shows markedly dilated cis- 
ternae of the endoplasmic retiuulum and swollen mitochondria 
(Fig. 156b). The elements of the Golgi complex may be 
increased in number.
The signs of cell injury during acute intestinal obstruc­
tion seem to precede those of the oedema. The epithelial 
changes may indicate impairment of function but gross alter­
ations of the absorptive surface were not found. The orig­
in of the numerous phagosomes or phagolysosomes is unexplained. 
Increased numbers of cytosomes, believed to be lysosomes, 
indicates an increased catabolic activity. Lipid droplets 
inside the cisternae of the endoplasmic reticulum may enter 
these by invaginations of the membrane.
Dilatation of vessels and oedema were observed by light 
microscopy (Shields, 1965). The congestion resulting from 
bowel distention and compression of veins in the gut wall 
may be the cause of water and electrolyte loss into the
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lumen (Shields, 1964; 1965). The changes observed by
microangiography (Derblom, Johansson and Nylander, 1963) 
cannot be assessed by electron microscopy. It is, however, 
possible that changes of the endothelium in venules are 
associated with a more severe congestion than in capillaries.
Portal stenosis. After 50 days of portal stenosis 
severe dilatation of venules is seen. This is less severe 
in capillaries. Pericytes are numerous. In capillaries, 
they are situated along the abepithelial section of the 
perimeter. Long, flat processes are formed in places around 
venules which are applied externally to the basement membrane, 
(Fig. 158). Indistinct filaments may be seen in the cytoplasm 
in moderate amounts. Occasionally a cell junction is found 
where two processes contact one another. These processes 
appear to be formed by reticulum cells although their con­
tinuity with cell bodies is difficult to trace. Some cap­
illaries have a thickened basement membrane (Fig. 158 
insert). In other places, the amount of perivascular coll­
agen seems to be increased. The endothelium appears to be 
normal. Occasional macrophages contain pleomorphic dense 
inclusions which probably represent hemosiderin (Richter 
and Bessis, 1965).
It is thought that the large number of pericytes is 
associated with the increase in intravascular pressure. The 
appearance of cell processes applied to the venules suggests
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that these are formed as a reaction to the dilatation of the 
vessel. The thickness of the basement membrane may be 
correlated with the intravascular pressure (see Majno,
1965). Obvious thickening is not, however, frequent, and 
the appreciation of this change would require a more 
extensive study. No conclusion can be drawn as to whether 
any endothelial changes preceded the stage examined. These 
were observed in the vena cava after partial obstruction 
(Tedder and Shorey, 1965a; 1965b).
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CHAPTER IO
THE FINE STRUCTURAL CHANGES IN THE RABBIT 
UPPER ILEUM AFTER SUPERIOR MESENTERIC 
SYMPATHECTOMY WITH SPECIA L REFERENCE TO 
THE MUCOSA
M o r p h o l o g i c a l  c h a n g e s  f o l l o w i n g  d e n e r v a t i o n  o f  t h e  g u t  
h a v e  r a r e l y  b e e n  r e p o r t e d .  T h e  m u c o s a l  a t r o p h y  o b s e r v e d  
b y  l i g h t  m i c r o s c o p y  a f t e r  a u t o t r a n s p l a n t a t i o n  w i t h  d e n e r v ­
a t i o n  ( B a l l i n g e r ,  C h r i s t y  a nd  A s h b y ,  1 9 6 2 )  w a s  l a t e r  r e p ­
o r t e d  t o  b e  t h e  r e s u l t  o f  v a g o t o m y  ( B a l l i n g e r ,  I i d a ,  A p o n t e ,  
W i r t s  a n d  G o l d s t e i n ;  1 9 64 ;  B a l l i n g e r ,  I i d a ,  P a d u l a ,
A p o n t e ,  W i r t s  and G o l d s t e i n ,  1 9 6 5 ) .  O t h e r  a u t h o r s  d e t e c t e d  
no  a l t e r a t i o n s  a f t e r  v a g o t o m y  i n  r a t  b y  l i g h t  m i c r o s c o p y  
( E l l i s ,  P r y s e - D a v i e s ,  1 9 67 )  o r  i n  d o g ,  b y  e l e c t r o n  m i c r o s ­
c o p y  ( E l l i o t t ,  B a r n e t t  a n d  E l l i o t t ,  1 9 6 6 ) .  No r e c e n t  s t u d y  
o f  i n t e s t i n a l  m o r p h o l o g y  a f t e r  " s u r g i c a l "  s y m p a t h e c t o m y  s e e m  
t o  h a v e  b e e n  p u b l i s h e d .  A f t e r  i m m u n o s y m p a t h e c t o m y  a  n o r m a l  
m u c o s a  w a s  o b s e r v e d .  T h e  m i g r a t i o n  t i m e  o f  t h e  e p i t h e l i u m  
w a s ,  h o w e v e r ,  d e c r e a s e d  ( D u p o n t ,  B i g g e r s  a n d  S p r i n z ,  1 9 6 5 ) .  
L a c k  o f  i n f o r m a t i o n  a t  t h e  f i n e  s t r u c t u r a l  l e v e l  h a s  p r o m p t e d  
u s  t o  m a k e  t h i s  s t u d y .
MATERIAL AND METHODS
A d u l t  New Z e a l a n d  a l b i n o  r a b b i t s  o f  b o t h  s e x e s ,  w e i g h ­
i n g  2 . 5 - 3  k g  s u p p l i e d  b y  t h e  A n i m a l  B r e e d i n g  U n i t  o f  t h e
2 4 0 .
JCSMR w e r e  u s e d .  S t a n d a r d  l a b o r a t o r y  d i e t  and w a t e r  w a s  
a v a i l a b l e  and  l i b i t u m .  U n d e r  a s e p t i c  c o n d i t i o n s  w i t h  
N e m b u t a l  a n a e s t h a e s i a  ( 3 5  m g / 1 k g )  s u p p l e m e n t e d  w i t h  e t h e r ,  
s u p e r i o r  m e s e n t e r i c  n e u r e c t o m y  o f  t h e  p o s t g a n g l i o n i c  s e g ­
m e n t  o f  a b o u t  5 - 7  mm i n  l e n g t h  w a s  m a d e .  T h i s  w a s  f o l l o w e d  
b y  s u p e r i o r  m e s e n t e r i c  g a n g  1 i o n e c t o m y  and  d i v i s i o n  o f  t h e  
c o m m u n i c a t i n g  b r a n c h e s  t o  t h e  g a n g l i o n  c o e l i a c u m .  T h e  
g a n g l i o n  c o e l i a c u m  w a s  r e s e c t e d  p a r t i a l l y .  I n  t h e  c o u r s e  
o f  t h i s  p r e p a r a t i o n ,  s ome  d a m a g e  o f  t h e  l y m p h a t i c s  w a s  
u s u a l l y  i n e v i t a b l e .  Ca r e  w a s  t a k e n  t o  a v o i d  i n j u r y  o f  b l o o d  
v e s s e l s .  A n i m a l s  w e r e  e x a m i n e d  1 ,  2 ,  5 and  7 d a y s  a n d  1 , 2 , 3  
and 5 w e e k s  a f t e r  t h e  o p e r a t i o n .  Two a n i m a l s  w e r e  s t u d i e d  
i n  e a c h  g r o u p  w i t h  t h e  e x c e p t i o n  o f  t h e  o n e - d a y  s t a g e  w h e r e  
o n l y  t h e  o n e ,  and t h e  t h r e e - w e e k  s t a g e  w h e r e  t h r e e  w e r e  
e x a m i n e d .  T h r e e  c o n t r o l  a n i m a l s  w e r e  s h a m - o p e r a t e d .  F u r t h e r  
n o r m a l  c o n t r o l  a n i m a l s  a r e  i n c l u d e d  i n  C h a p t e r  3 .
RESULTS
A f e w  m i n u t e s  a f t e r  n e u r e c t o m y  and g a n g 1 i o n e c t o m y , a 
p e r i o d  o f  i n c r e a s e d  p e r i s t a l t i c  m o v e m e n t s  w a s  n o t e d  i n  many  
a n i m a l s .  F o r  a f e w  d a y s  a f t e r  o p e r a t i o n ,  a l m o s t  a l l  
a n i m a l s  s h o w e d  m o d e r a t e  d i a r r h o e a .  At  t h i s  p e r i o d ,  t h e  
i n t e s t i n a l  w a l l  w a s  s l i g h t l y  h y p e r a e m i c ,  w h e n  v i e w e d  f r o m  
t h e  o u t e r  a s p e c t .  B y  l i g h t  m i c r o s c o p y ,  t h e  m u c o s a l  a r c h ­
i t e c t u r e  and c e l l u l  * - *a r  c o m p o s i t i o n  a p p e a r e d  n o r m a l I n
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an imal s  examined 2 and 3 weeks a f t e r  o p e r a t i o n ,  f i n e l y  g r a n ­
u l a r  PAS p o s i t i v e ,  d i a s t a s e - r e s i s t a n t  m a t e r i a l  was s l i g h t l y  
more f r e q u e n t .
F i ne  s t r u c t u r e :
Changes of n o n - n e rvous  components  were found i n  animals  
examined 2 and 3 weeks a f t e r  o p e r a t i o n .
Ent  e rocy  t e s . R e s i d u a l  b o d i e s  s i m i l a r  to  t h o s e  s een  i n  
normal  a n i m a l s  a r e  f r e q u e n t  3 weeks a f t e r  sympathectomy.
In  some c e l l s ,  many l i p i d  d r o p l e t s  o c cu r  which o c c a s i o n a l l y  
form g r o u p s .  O t h e r  f o r m a t i o n s  a r e  more c o m p l i c a t e d .  L i p i d  
d r o p l e t s ,  u s u a l l y  membrane-1i m i t e d  and e x t r a c t e d ,  a r e  
e n c l o s e d  w i t h  c y t o p l a s m  i n t o  membranous p r o f i l e s .  I n  o t h e r  
i n s t a n c e s ,  l a r g e  m u l t i - l a y e r e d  c y l i n d r i c a l  a r r a y s  a r e  seen  
( F i g .  159a ) .  D r o p l e t s  may be seen  i n  c o n t a c t  w i t h  the 
i n n e r m o s t  l a y e r  of an a r r a y .  I n  o t h e r  p l a c e s ,  t h i s  i s  
f l a n k e d  by a membrane of endop la sm ic  r e t i c u l u m  and the  space  
be tween  bo t h  i s  i n t r a c i s t e r n a l  ( F i g .  l 6 l b ) .  The v a r y i n g  
a p p e a r a n c e  of  t he  a r r a y s  may be e x p l a i n e d  by s e c t i o n  geom­
e t r y .  The end segments  of  a r r a y s  a r e  d i f f i c u l t  to t r a c e ,
Some membranes,  however ,  a r e  c o n t i n u o u s  w i t h  t he  endop la sm ic  
r e t i c u l u m  ( F i g .  159a ) .
These  a r r a y s  of membranes may, t o g e t h e r  w i t h  l i p i d  d r o p ­
l e t s  and l a r g e  membrane-1i m i t e d  h e t e r o g e n e o u s  i n c l u s i o n s ,  
form i l l - d e f i n e d  g r o u p s .  Smal l  ( 0 . 2 - 0 , 3  u i n  d i a m e t e r )  d e nse  
b o d i e s  which oc c u r  n e a r  t h e s e  componen t s ,  a ppea r  to be
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encircled by endoplasmic reticulum. Some bodies are iden­
tifiable as densified mitochondria (Fig. l60). Occasionally, 
dense bodies seem to fuse and are in continuity with vacuol­
ated spaces which contain a few irregular lamellae. The 
endoplasmic reticulum in these areas frequently forms circ­
ular profiles. Sometimes a large vacuolar space is present, 
close to these formations. This contains thread-like prec­
ipitates with more densely-aggregated areas.
Some enterocytes show more generalised changes. These 
consist of mitochondrial swelling and polymorphism, dilatat­
ion of the endoplasmic reticulum and the appearance of the 
recently described dense bodies surrounded by cisternae of 
the endoplasmic reticulum (Fig. l6la). Another type of 
degeneration is associated with decreased density of the 
cytoplasm and appears similar to that described in the 
normal intestine (see Chapter 4).
Lamina propria. In some places of the lamina propria, 
large phagsosomes occurred frequently. Some were mostly 
homogeneous, while others resembled the cell degradation 
described in the normal lamina propria. A large, complex 
inclusion body is shown in Fig. 162. Other inclusions con­
sist of myelinic figures. A definite increase of cytosomes 
is seen in the clear mesenchymal cells (Fig. 159b). These 
vary in size from about 0.2 u to more than 1.5 u in diameter 
and show heterogeneous contents. These consist of a granular
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s u b s t a n c e ,  d e n s e l y  p a c k e d ,  i r r e g u l a r  m e m b r a n o u s  s e g m e n t s ,  
d e n s e  b o d i e s  and t r i p l e - 1 a y e r e d  m e m b r a n e s  w h i c h  f r e q u e n t l y  
f u s e  a n d  f o r m  m u l t i l a y e r e d  p a r a l l e l  o r  c o n c e n t r i c  f o r m a t ­
i o n s  ( F i g s .  1 6 3 a ;  1 6 3 c ) .  D e n s e  l a y e r s  o f  t h e s e  m e m b r a n e s
o
a r e  a b o u t  30A i n  t h i c k n e s s .  I n  m u l t i - l a y e r e d  f o r m a t i o n s ,
t h e  i n n e r  m e m b r a n e s  a r e  s l i g h t l y  t h i c k e r  a n d  d e n s e r  ( F i g .
l 6 3 b ) .  Some  i n c l u s i o n s  c o n t a i n  c l o s e l y - p a c k e d  t u b u l e s
o
w i t h  a l u me n  o f  a b o u t  5 0 - 6 0 A  i n  d i a m e t e r  w h i c h  may f o r m  
h e x a g o n a l  a r r a y s  e m b e d d e d  i n  a d e n s e  s u b s t a n c e ,  ( F i g .  1 6 3 d ) .
R a r e l y  a c l e a r  c e l l  c o n t a i n i n g  c y t o s o m e s  i s  p a r t i a l l y  
s u r r o u n d e d  b y  a l a y e r  w h i c h  h a s  t h e  a p p e a r a n c e  o f  a b a s e m e n t  
m e m b r a n e  ( F i g .  1 5 9 b ) .
N e r v e  f i b r e s . C h a n g e s  i n  n e r v e  f i b r e s  w e r e  v e r y  r a r e l y  
f o u n d  3 w e e k s  a f t e r  s y m p a t h e c t o m y .  I n  t h e  l a m i n a  p r o p r i a ,  
a x o n s  s h o w a d i s i n t e g r a t i o n  o r  d i s a p p e a r a n c e  o f  c o n s t i t u e n t s  
( F i g .  1 6 4 a ) . T h i s  may b e  a c c o m p a n i e d  b y  s w e l l i n g  ( F i g .  1 6 5 b ) .  
T h e  b a s e m e n t  me m b r a n e  may b e  a b s e n t .  M a c r o p h a g e s  s e e n  n e a r ­
b y  c o n t a i n  p h a g o s o m e s  w h i c h  c o n s i s t  o f  d e n s e  v a c u o l a t e d  
a g g r e g a t e s  w i t h  m e m b r a n o u s  f o r m a t i o n s  ( F i g s .  l 6 4 a ;  l 6 5 d ) .
M e m b r a n e s  may b e  a r r a n g e d  i n t o  l a m e l l a e  ( F i g .  1 6 4 b ) .  T h e s e  
p h a g o s o m e s  a r e  t h o u g h t  t o  b e  d e r i v e d  f ro m  a l t e r e d  a x o n s .  
P h a g o c y t o s i s  w a s  o b s e r v e d  i n  v e r y  f e w  i n s t a n c e s .  A f e w  
c e l l s  c o n t a i n  l a r g e  m a s s e s  s i m i l a r  t o  t h e s e  p h a g o s o m e s  and  
c o m p l e x  l a y e r e d  i n c l u s i o n s  w h i c h  may h a v e  r e s u l t e d  f r o m  f u s ­
i o n .  C o n c l u s i o n s  a s  t o  t h e i r  o r i g i n  c a n n o t  b e  m a d e .  I n  t h e
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tunica muscularis, a few nerve fibres show swelling of axons.
These contain irregular filaments, a few neurotubules and
oirregular tubular profiles 200-400A in diameter which may-
have dense cores (Fig. 165a). A few dense cored vesicles, 
o
700-1,OOOA in diameter are present. Similar changes were 
also seen in the submucosa. Most of the affected nerve 
fibres occur near vessels. Some axons contain myelinic fig­
ures with clumped neuro - f i 1 ament s or small dense aggregates 
(Fig. 165c). Some axons show a variation of constituents 
which is difficult to classify as degenerative. Dense aggreg­
ates or tangles of membranes are rarely present. These were, 
however, also seen in a few axons in controls»
The myenteric plexus was examined only in a few animals.
No changes were found. The significance of few enlarged 
axons cannot be assessed.
DISCUSSION
The increase in residual bodies in enterocytes indicates 
an acceleration of the degenerative process. Further 
abnormal components in the cytoplasm appear to be lipids or 
lipoproteins. The close relationship of lipid droplets and 
membranous arrays suggests that the latter may be derived 
from the former. The relations of lamellae to the endoplasmic 
reticulum suggest that there is a continuity of membranes.
It is of interest that a close relationship of lipid droplets
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to membranous formations was observed in rat liver in carbon 
tetrachloride cirrhosis and was interpreted as being due to 
the formation of membranes of the endoplasmic reticulum 
(Stenger, 1966). Here the arrays were much more irregular 
and extensive. Apart from the continuity of membranes, no 
accumulation of cisternae was observed around the lamellar 
formations in affected enterocytes. The endoplasmic retic­
ulum surrounds dense bodies which occur nearby. Whether all 
these bodies are derived from mitochondria remains uncertain. 
The relationship of cisternae and dense bodies is thought to 
represent focal degradation by means of sequestration.
The changes which affect whole enterocytes are degener­
ative. The cause is not known. The increase is appreciable 
at a stage when functional changes following sympathectomy 
have presumably receded. Dupont, Biggers and Sprinz (1965) 
demonstrated a decreased turnover of intestinal epithelium 
in rat after immunosympatheetomy. If this is also the case 
in rabbit after surgical sympathectomy, it may be speculated 
that the changes are related to ageing of cells or to a 
modified response of senescent cells. No conclusion can be 
drawn about the direct effect of denervation.
A consistent change in the lamina propria is an increase 
in the inclusion bodies or cytosomes of "clear mesenchymal 
cells". Some of these have a structure which is consistent 
with lipofuscin (Biava, 1965; Essner and Novikoff, 1960;
2 4 6 .
S a m o r a j s k i ,  O r d y  and K e e f e ,  1 9 6 5 ) .  I n  o t h e r s ,  t h e  m e m b r a n ­
o u s  c o m p o n e n t  i s  m o r e  p r o m i n e n t .  I t  i s  o f  i n t e r e s t  t h a t  
t h e  a r r a n g e m e n t  o f  t h e  m e m b r a n e s  r e s e m b l e s  t h a t  s e e n  i n  s ome  
l i p i d o s e s  o f  t h e  n e r v o u s  s y s t e m  ( e . g .  G o n a t a s  and G o n a t a s ,  
1 9 6 5 ) .  I t  may b e  s p e c u l a t e d  t h a t  t h e  c h a n g e  o f  " c l e a r  c e l l s "  
r e p r e s e n t s  a b n o r m a l  a g e i n g .  H o w e v e r ,  n o t h i n g  i s  known a b o u t  
t u r n o v e r  o f  t h e s e  c e l l s .  T h e  p r e s e n c e  o f  i n c l u s i o n s  w h i c h  
a r e  e s s e n t i a l l y  l y s o s o m e s  o r  r e s i d u a l  b o d i e s  may b e  a r e s u l t  
o f  an  i n j u r y  w i t h o u t  r e l a t i o n  to  c e l l  a g e .
C h a n g e s  p r e c e d i n g  t h e  f o r m a t i o n  o f  p h a g o s o m e s  a r e  n o t  
o b v i o u s  and  t h e  r e l a t i o n  t o  t h e  e x p e r i m e n t a l  c o n d i t i o n s  i s  
d i f f i c u l t  to  e s t a b l i s h .
T h e  c h a n g e s  i n  n e r v e  f i b r e s  p r e s e n t  p r o b l e m s  i n  i n t e r ­
p r e t a t i o n  w h i c h  a p p e a r  t o  b e  common t o  t h e  i n v e s t i g a t i o n s  o f  
d e g e n e r a t i o n  o f  n e r v e  " e n d i n g s "  o f  n o n - m y e l i n a t e d  n e r v e s  
( c . f .  B i s c o e  a n d  S t e h b e n s ,  1 9 6 7 ) .  U s u a l l y  a l o n g  l a p s e  o f  
t i m e  i s  r e q u i r e d  b e f o r e  d e g e n e r a t i v e  c h a n g e s  a p p e a r .  A c o m ­
p a r i s o n  o f  r e p o r t s  i n d i c a t e s  t h a t  t h e  a p p e a r a n c e  and r a p i d i t y  
o f  t h e  d e v e l o p m e n t  o d  d e g e n e r a t i v e  c h a n g e s  may v a r y  ( B i s c o e  
and S t e h b e n s ,  1 9 6 7 ;  G a r r e t t ,  1 9 6 6 ) .  Our  o b s e r v a t i o n s  s u g g ­
e s t  t h a t  s o me  a x o n s  i n  t h e  l a m i n a  p r o p r i a  b e c o m e  p h a g o c y t o s e d . 
No c o n s i s t e n t  p a t t e r n  o f  d e g e n e r a t i o n  w a s  s e e n .
Th e  r e l a t i o n s h i p  o f  c h a n g e s  i n  n e r v e  f i b r e s  t o  t h e  n o n -  
n e r v o u s  c o m p o n e n t s  i s  u n c e r t a i n .  T h e  l a t t e r  may b e  a l t e r e d  
i n d i r e c t l y  b y  t h e  f u n c t i o n a l  e f f e c t s  o f  s y m p a t h e c t o m y .  T h e i r
2 4 7 .
r e t r o g r e s s i v e  n a t u r e  i s  h o w e v e r  a p p a r e n t .  C o n c l u s i o n s  
a b o u t  t h e i r  s i g n i f i c a n c e  may  o n l y  b e  o b t a i n e d  b y  a  l o n g ­
t e r m  s t u d y .
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